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Hungry for knowledge? Then learn something new today and fuel your 
imagination with the expert help of How It Works. You'll be amazed by the 
world of fascinating facts and indispensable information nowat your 
fingertips. Detailed cutaway images will reveal the inner workings of 
everyday items and other intriguing objects, enabling you to seeand 
understand exactly how they work. Breathtaking photos let you marvel at 
the beauty and spectacle of the world around you, while informative and 
entertaining articles will prove no question is too big or too small for the 
How It Works team of brains to answer. 

How It Works covers the entire universe across six all-encompassing 
subject areas: science, technology, transportation, the environment, 
history and space. From motion-control gaming to glaciers, asteroids to 
autopilot, dinosaurs to diets, comets to cloning, fossils to fridges and so 
much more besides, you'll find all the answers you'll ever need. So read on 
and feed your mind with a nutritious dose of How It Works. 
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4.4 Controversy Shell Climate DNA 


The oldest hominid specimen Fossil collecting is a popular One of the earliest realisations Fossils allow scientists to Resin fossils are unique in that 
to be uncovered is Ardi, a hobby. However, important or of the nature of fossils came deduce information about the they often preserve bacteria, 
fossilised set of skeletal prominent fossils are often from ancient Greek polymath Earth’s past climate and fungi and small fragments of 
remains that have been dated sold to collectors instead of Aristotle, who commented that environment, as the conditions DNA. Animal inclusions tend 
by scientists as being no less museums, leading to the fossil seashells resembled in which they died are specific to be small invertebrates such 
than 4.4 million years old. creation of a black market. those of living examples. to these conditions. as spiders and insects. 





Fossils are useful in targeting mineral fuels, indicating the stratigraphic position of coal streams 


Adpression Resin Bioimmuration 
Aform of fossilisation caused by Referred to as amber, fossil resin isa natural Bioimmuration is a type of fossil 
compression within polymer excreted by trees and plants. Asitis sticky that inits formation subsumes 
sedimentary rock. This type of and soft when produced, small invertebrates such as another organism, leaving an 
fossilisation occurs mainly insects and spiders are often trapped and sealed impression of it within the fossil. 
where fine sedimentis within resin, preserving their form. This type of fossilisation usually 
deposited frequently, suchas : occurs between sessile skeletal 
along rivers. Many fossilised organisms, such as oysters. 


plants are formed this way. a 







== Dependent on climate and ground 
conditions, deceased animals can 
be fossilised in many ways 








Permineralisation A type of fossilisation process 4 
A process in which mineral deposits form R similar to permineralisation, 5 
internal casts of organisms, When a shelled creature's shell, molds occurwhen an animal is — | 3 
animal dies and then is rapidlysubmerged original form butis replaced with leaving only an organism-shaped archaeological specimensina 5 
with groundwater. The water fills the acrystal-such as aragonite holein the rock. Molds can turn Tandetron particle accelerator D 
creature’s lungs and empty spaces, before and calcite - then itis said to into casts ifthey are then filled vs 
draining away leaving a mineral cast. berecrystallised. with minerals. 
The origin of life on Earth is irrevocably twice the size ofa double-decker bus havelongsince _ but,in general, it occurs when a recently deceased 
trapped in deep time. The epic, fluid and ceased to exist. They’re forgotten, buried by not just creature is rapidly buried by sediment or subsumed 
countless beginnings, evolutions and millions, but billions of years. Still, all is not lost. By in an oxygen-deficient liquid. This has the effect of 
extinctions are immeasurable to exploiting Earth’s natural processes and modern preserving parts of the creature - usually the harder, 
humankind; our chronologyis fractured, thepicture technology over the last two hundred years, solid parts like its skeleton — often in the original, 
is incomplete. For while the diversity oflifeonEarth — scientistsand palaeontologists have begun to living form within the Earth’s crust. The softer parts 


today is awe-inspiring, with animals living within 


the most extreme environments imaginable- “The softer parts of fossilised creatures tend 


environments we as humans brave every dayina 


effort to chart and understand where life begins and not CO SUT Vive due to the [ gpidity of de COU " 


ends - itis but only a fraction of the total life Earth 


has seen inhabit it over geological time. Driven by unravel Earth’s tree of life and, through the of fossilised creatures tend not to survive due to the 
the harsh realities of an ever-changing discovery and excavation of fossils —- preserved speed of decay and their replacement by minerals 
environment, Armageddon-level extinction events remains and traces of past lifein Earth’scrust-piece containedintheirsediment or liquid casing, a 

and the perpetual, ever-present force of natural the jigsaw back together. process that can leave casings and impressions of 
selection, wondrous creatures with five eyes, fierce The fossilisation of an animal can occurina the animal that once lived, but not its remains. 
predators with 12-inch fangs and massive creatures variety of ways (see ‘Types of fossilisation’ above) Importantly, however, creature fossilisation tends to 
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be specific to the environmental conditions in which it lived - 
and these in themselves are indicative of certain time periods in 
Earth’s geological history. For example, certain species of trilobite 
(an extinct marine arthropod) are only found in certain rock strata 
(layers of sedimentary and igneous rocks formed through mineral 
deposition over millions of years), which itself is identifiable by its 
materials and mineralogic composition. This allows 
palaeontologists to extrapolate the environmental conditions (hot, 
cold, dry, wet, and so on) that the animal lived and died in and, in 
partnership with radiometric dating, assign a date to the fossil 
and/or the period. 

Interestingly, however, by studying the strata and the contained 
fossils over multiple layers, through a mixture of this form of 
palaeontology and phylogenetics (the study of evolutionary 
relatedness between organism groups), scientists can chart 
the evolution of animals over geological time scales. A good 
example of this process is the now known transition of certain 
species of dinosaur into birds. Here, by dating and analysing 
specimens such as archaeopteryx (a famous dinosaur/bird 
transition fossil) both by strata and by radiometric methods, as well 
as recording their molecular and morphological data, scientists can 
then chartits progress through strata layers to the present day. In 
addition, by following the fossil record in this way, palaeontologists 
can also attribute the geophysical/chemical changes to the rise, fall 
or transition of any one animal/plant group, reading the sediment’s 
composition and structural data. For example, the Cretaceous- 
Tertiary extinction event is identified in sedimentary strata bya 
sharp decline in species’ diversity —- notably non-avian dinosaurs 
-—and increased calcium deposits from dead plants and plankton. 

Excavating any discovered fossil in order to date and analyse it is 
a challenging, time-consuming process, which requires special 
tools and equipment. These include picks and shovels, trowels, 
whisks, hammers, dental drills and even explosives. There is also 
an accepted academic method all professional palaeontologists 
follow when preparing, removing and transporting any discovered 
fossil. First, the fossil is partially freed from the sedimentary matrix 
itis encased in and labelled, photographed and reported. Next, the 
overlying rock (commonly referred to as the ‘overburden’) is 
removed using large tools up toa distance of 6-9 centimetres (2-3 
inches) from the fossil, before it is once again photographed. 
Then, depending on the stability of the fossil, it is coated with 
a thin glue via brush or aerosol in order to strengthen its 
structure, before being wrapped in a series of paper, 4 
bubble wrap and Hessian cloth. Finally, itis transported to .s 
the laboratory. 
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A europasaurus 
fossil is examined 
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“Excavating any discovered fossil 
In order to date and analyse It isa 
challenging, time-consuming process” 


The blueprints of prehistoric Earth 
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THE FOSSIL 
RECORD 


By examining discovered fossils, it is 
possible to piece together a rough 
history of the development of life on 
Earth over a geological timescale 


12 | CAMBRIAN | 542-488.3 Ma @& 


The first geological period of the Paleozoic era, 
the Cambrian is unique in its high 

proportion of sedimentary layers and, 
consequently, adpression fossils. The 

_ Burgess Shale Formation, a notable 

fossil field dating from the Cambrian, 

has revealed many fossils including 

the genus opabinia, a five-eyed 

ocean crawler. 
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Boasting the highest sea levels on the Palaezoic era, the 
Ordovician saw the proliferation of planktonics, 
brachiopods and cephalopods. Nautiloids, suspension 
feeders, are among the largest creatures from this 
period to be discovered. 





9 | DEVONIAN | 416-359.2 Ma 


Anincredibly important time for the 
development of life, the Devonian 
period has relinquished fossils 
demonstrating the evolution 

of the pectoral and pelvic fins of 





10 | SILURIAN | 443.7-416 Ma 


With its base set at major extinction event at fish into legs. The first land- 

the end of the Ordovician, the silurian fossils based creatures, tetrapods and 
found differ markedly from those that pre-date arthopods, become entrenched 
the period. Notable life developments include and seed-bearing plants spread 
the first bony fish, and organisms with across dry lands. A notable find 
moveable jaws. is the genus tiktaalik. 


1. Mrs Ples 


An example of one of our common 
ancestors (australopithecus 
africanus), Mrs Ples is a remarkably 
preserved skull. Carbon dating 
suggests she lived 2.05 million 
years ago. 


* 3. Ediacara biota 


One of the earliest known 
multicellular organisms discovered 
by palaeontologists, ediacara biota 
were tubular and frond-shaped 

= organisms that thrived during the 

» Ediacaran period (635-542 Ma). 


2. Archaeopteryx 


The earliest and most primitive bird 
to be uncovered, archaeopteryx 
lived in the late Jurassic period 
(150-148 Ma) and is often cited as 
evidence of a transitional fossil 
between dinosaurs and birds. 





The minimum age for an excavated specimen to be classed as a fossil is 10,000 years 


3 | PALEOGENE | 65.5-23.03 Ma eis 4 145.5-65.5 Ma 


The first period of the Cenozoic era, the Paleogene Fossils discovered from the - Theperiodin Earth’s history when the 
is notable for the rise of mammalsasthe cretaceous indicate an _  supercontinent Pangaea broke up in to the northern 
dominant animal group on Earth, driven by the explosion of insect - Laurasiaand southern Gondwana, the Jurassicsaw 
Cretaceous-Tertiary extinction event that wiped diversification, with the first - anexplosionin marine and terrestrial 
out the dinosaurs. The most important fossil to ants and grasshoppers : life. The fossil record points to 
be discovered from this period is darwinius, a evolving, as wellas the : dinosaurs thriving, suchas 
lemur-like creature uncovered froma shale dominance of large dinosaurs - megalosaurus, anincrease 
quarry in Messel, Germany. suchas the colossal - inlarge predatory fish 
tyrannosaurus rex. - like ichthyosaurus, as 
Mammals increased in -  Wwellasthe evolution 
diversity but remained small ' ofthe first birds- 
and largely marsupial. ' shown famously by 
'  thearchaeopteryx 
fossil find. 
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7|PERMIAN | 299-251Ma_ 


Aperiod characterised by the diversification 
of early amniotes (egg-bearing invertebrates) 
into mammals, turtles, lepidosaurs and 
archosaurs, the Permian has yielded many 
diverse fossils. Notable examples include 
reptile therapsids, dragonflies and, driven by 
late warmer climates, lycopod trees. 









8 | CARBONIFEROUS | 359.2-299 Ma 


Aperiod of significant glaciation, the Carboniferous saw 
the development of ferns and conifers, bivalve molluscs 
and awide-variety of basal tetrapods such as 
labyrinthodontia. Notable fossilised finds include the 





6 | TRIASSIC | 250-200 Ma 
Beginning and ending with an extinction 
1 QUATERN ARY 2.588-0.00 Ma event, the Triassic period's fossils show the 
evolution of the first dinosaurs such as 


The most recent period in Earth’s history, the Coelophysis, a small carnivorous biped 








seed ferns pecopteris and neuropteris. | | Quaternary is characterised Bei ai ll hemell ait oie ae 
- i : :  majorchanges inclimate, as development of modern corals and reefs. 
> . }  wellastheevolutionand 
__ dispersement of modern 
YANN 20\c14\ | a yxkecwasts:3 ee | oumans.Duetothe 
rapid changes in 
Covering 23 million years, the Neogene period's environment and 
fossils showa marked developmentinmammalsand _ climate (ie, ice ages), 
birds, with many hominid remains excavated. The many larger mammal 
extinct hominid australopithecus afarensis -a fossils have been 
common ancestor ofthe genushomo(thatofmodern _ discovered, including 
humans) -is one of the most notable fossil finds, as those of mammoths 
exemplified in the specimens Lucy and Selam. and sabre-toothed cats. 
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Woodpec 
explained | 


Woodpeckers whack 
} their heads against 
~ wood up to 20 timesa 
second, at1,200 times the force 
of gravity, without suffering 
concussion, detached retinas 
or any other symptoms of head 
injury. But why? 





Skull 

Woodpeckers have a thicker 
skull than most other birds. It’s 
made ofextremely strong yet 
spongy compressible bone, to 
help cushion the blow. The beak 
and skull are linked by elastic 
connective tissue. 


Holes 

Woodpeckers excavate small 
rectangular holes on the sides of 
tree trunks, prying offwood to 
expose tasty beetle larvae and 
carpenter ants. 
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Beak Hyoid apparatus 
The strong bones that Within the long tongueis a 
comprise the woodpecker’s skeletal structure called the 
straight bill are ‘hyoid apparatus’. Thisisa 
strengthened bya collection of small bones 


horn-covered beak, which 
hammers into the wood and 


supported by cartilage and 
muscles, which fold up like 


bark of a treeatsomething anaccordion and enable the 
like12,000 impacts perday woodpecker to stick its 
insearch of bugsand ants. tongue out further. 


Barbed tongue 


Because a woodpecker probes around inside tree trunks for insects, 
its barbed tongue needs to be longer than its beak-sometimes up to 
four times longer. In some species the tongue actually forks in the 
throat and disappears below the base of the jaw, wrapping up and 
over the head before rejoining behind the eye socket or nostril. 
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“Pollen is the fine powder 
produced by the male sex 
organs of a flower” 
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How does 
pollen work? 


Discover how this ‘irritating’ 
flower powder functions, 
enabling germination 


aN ; 
é . ™ Pollen is the fine powder produced 
by the male sex organs ofa flower. It 

; contains the male gametes (or sex 
cells). When a grain lands on the 
stigma ofa flower of the same species, a special 
pollen tube grows from the grain of pollen 
down through the flower’s style to link the 
sperm cells to the unfertilised eggsin the 
flower’s ovaries. Here germination takes place, 
as the ovules are fertilised and a seed forms. 

Heavier pollen is transferred to plants by 
insects going from flower to flower. However, 
the lighter airborne pollen that gets blown 
from one flower to another is the stuff that 
causes people with pollen allergies to 
experience hay fever. # 


Woodpeckers’ tongues 
late \(omopareaiaerenper=d| 
muscles for side-to-side 
movement when poking 
around for insects 
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Brain 

Unlike human brains, which arefloating 
about ina pool of cushioning 
cerebrospinal fluid, woodpecker brains 
are tightly enclosed in the skull with 
practically no cerebrospinal! fluid. 


Inner lining 
Theinnerwall ofa 
grain of pollen is the 
intine. It encloses the 
sex cellsand other 
vegetative cells. 


Sex cells 

inside a grainof pollen 
are the male sex cells, 
called ‘gametes’. 





Stiff tail 
feathers By) 
The woodpecker can ne 
propitself uplikea “ ve ~ Outer wall 
tripod, using its strong * + Theprotective 
tail-feather muscles. SMa ” outer wall isthe 
Hay fever exine. Ithasa 
Third eyelid Zygodactyl feet When someonewith a pollen allergy different 
Woodpeckers have a For optimum insect breathes in pollen, chemicals and patterned 
thickinner eyelid, foraging, woodpeckers’ antibodies are produced and released struc ture, 
which acts as a seatbelt feet are zygodactyl, cob atdelmaetcpier(casleen depending on 
to ensure the bird's which helps them cling Species. 
eyeballs don't pop out onto vertical tree Pol len cou nt 
ietarconoten ths epiuudtuiahnaets The pollen count isa measure of the number 
eye ts filled with blood front-facing toes and of grains of pollen present ina cubic metre of 
to support the retina. two back-facing toes. air. The higher the pollen count, the worse the 


hay fever symptoms. 


Neck muscles 

Asplit second before every tap, the dense muscles 
in the bird’s neck contract and distribute the force 
of the impact away from the skull down through 
the rest of the body, like shock absorbers. 
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Best mates... 


To lay her eggs, the female frog is stimulated by a special embrace (called 
amplexus) from her mate, who then fertilises the mass of embryos 
(spawn) she produces. Although the female can lay up to 4,000 eggs, only 
a few will survive against the elements and other aquatic predators. 





KOK AON pe KD OKIE ADI Is called Hercules who weighs 410kg 


Ligers and tigons 


sve Sm) When lions and tigers mate, 
| new species are born 


) Ligers and tigons are two resultant species that 
} emanate when lions and tigers cross breed. Ifa 
male lion mates with a tigress then a ligeris born, if 

a male tiger mates with a lioness then a tigon is 
born. Both hybrid species are extinct in the wild as their 
respective habitats lead to minimal interaction, however many 
examples of both species can be found in captivity across the 
world in zoos and wildlife parks. 

Ligers are now the more prevalent of the two species due to 

; ~~ ce the greater probability of them living past birth, although 

@ !. iD aE if PUY during the early-20th Century this was not the case. The liger, 

pt ik < Pati att as with the tigon, shares characteristics from both parent 
“iy Me fi) species — ligers enjoy swimming for example, a trait which is 
associated with tigers, however they also have spots, a 
characteristic gene of the lion-and tends to be bigger due to 
imprinted genes. Indeed, the current largest liger in the world 
weighs over 400 kilograms and is twice the size ofits parents. 
Interestingly, though, tigons tend to suffer from dwarfism 
rather than gigantism as they always inherit the growth- 
inhibitory genes from the lioness mother, often weighing only 
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Size 
Ligers can grow to 
twicethesizeof | 
their parents. 
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Inherited 


; ; _ around 200 kilograms. 
ee ene ; a ie | Unfortunately, due to the hybrid man-made nature of ligers 
have spots like their father. ee ~ = 4 = Amale ligeri and tigons, growth disorders and degenerative diseases are 


Novosibirsk Zoo, RUSS common, as well as shortened life spans. 


The life cycle of an amphibian 


The incredible 
> journey from spawn 


5. Internal gills 
to tadpole to frog 


Nine days into metamorphosis, a flap of skin 
grows over the external gills and replacement 


internal gills develop. Aspiracle (pore) remains 
on the left-hand side where water can escape. 


The tadpole’s eyes are notyet fully formed. 











4. Tadpole 
At six days old, the egg hatches and 6. Hind 
becomes a tadpole. External gills legs 
develop to filter water and take in waaay NC ei 
tiny bits of food. A sucker protrudes a pairof hind legs form. 
beneath the head end, which can 
suck onto plant matter. 7. Front legs 
The fina! stage of a frog’s development 
3. Tail bud (around 75 days) includes the arrival 
The tail bud forms at around the of front legs and lungs to replace 
four-day mark. Muscles have begun & the internal gills. Amphibians 
to developand the embryo feeds on can also breathe through their 
theyolk inside itself. mucous-covered skin. 
8. Froglet 
2. Mutation For the next one to twoyears, 
Following a mere matter of hours after the egg the young frog’s tail will 
has been laid, the metamorphosis has begun. become increasingly short 
until it’s barelyatailatall. 
1. Egg 9. Frog 
Several] layers of absorbent watery jelly swell to 


A frog becomes an adultat the tender age of 
three years. It will breathe using its fully formed 
lungs and will take to the land to seek outa 

mate and begin the whole process again. 


protect a single tiny embryo that has been 
fertilised by the male frog. Water is vital to the 
development of these aquatic babies. 
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Crocodiles are often 
described as living fossils, 
but despite the fact that 
their body shape hasn’‘t 
changed much in the last 
200 million years, they are actually some of 
the most sophisticated reptiles on Earth. 

Like all living reptiles, they are cold 
blooded but that doesn’t make them 
sluggish. Crocodiles have a four- 
chambered heart and muscles that mimic 
our diaphragm to ensure they can quickly 
pump oxygen around their bodies for 
explosive bursts of speed. Crocodiles are 
ambush predators; their preferred tactic is 
to lurkin the river with just their eyes and 
nostrils visible above the surface and burst 
out of the water to surprise animals that 
have come to the bank to drink. If their 
initial lunge fails, they can chase prey over 
land at speeds of 17km/h (10.5mph). The 
galloping gait of the crocodile was 
dismissed as a folk legend for many years, 
simply because hardly anyone who 
witnessed it lived to tell the tale. 

Once a crocodile has grabbed its prey, it 
will drag it into the water and pull it under. 
Crocodiles need air to breathe but they can 
hold their breath for 30 minutes and 
drowning your prey is easier and more 
reliable than risking it escaping ifyou 
unclamp your jaws. Crocodile teeth are 


bom 


- 





only designed for gripping and puncturing; 


they have no incisors or carnassials to slice 
meat off a carcass. Instead they will gripa 





Where to find 
crocodiles 
1 Central America 
2 The Amazon Rainforest 
3 Sub-Saharan Africa 
4 Tropical regions 

of Asia and the Far East 
5 Northern Australia 
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They outlived the dinosaurs but these 
hunters are anything but elderly 


“Crocodile teeth are only designed 
for gripping and puncturing © 


The largest lizards in the world 


e 
‘Astealthy crocspies its 
¢ prey from the water 
— _ ' ¥ 


’ tT) », 9? 









chunk of flesh with the front teeth and spin 
violently on their long axis to twist offa 
bite-sized piece. Crocodiles don’t have lips 
so they can’t seal their mouth shut when 
eating. This means they can’t swallow food 
underwater without drowning themselves 
so each torn off mouthful has to be brought 
to the surface and tossed into the back of 
the mouth. E 


When food is scarce, their cold-blooded Mounted on the top of the head to 
metabolism allows crocodiles to go for as allow it to watch the bank while almost 
submerged. A nictitating membrane 


long as two years without eating at all. 
This, combined with their ability to 
scavenge rotting 
meat, was 
probably what 
allowed them 

to survive the 
event that 

killed the 
dinosaurs. 





Salt glands 

Special glands on the top of the 
tongue allow crocodiles to excrete 
salt that builds up in their blood in 
saltwater environments. 


Jaw muscle 

The massive muscle and its placement 
a long way forward of the hinge 
provides a bite pressure almost twice 
that of a great white shark. 


“%.. Although'the téeth'are deadly 
its the death grip that kills 
> 


> " - 


Tongue 

A crocodile can't stick its tongue 
out of its mouth because it is 
anchored to the floor of the 
mouth all the way along. 


© Adam Jones adamjone 


Let’s talk about sex 


Crocodiles don’t have sex chromosomes. Instead the sex ofa crocodile is 
' determined by the temperature at which its egg is incubated. Ifit is close to 
Wf oll : 31.6°C it will hatch as a male; anything higher or lower produces a female. 
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Anatomy of ; 
ariver killer Crocodile 


Inside the body of the or alligator? 
oldest killer on the planet A field spotter’s guide to 
carnivorous reptiles 








their scales have blood 

capillaries within them to let 4 

them shed heat. Crocodile a : : 
Location: Crocodiles live in Africa, Asia, 

Ears Australia and the Americas, in both fresh 

Crocodiles have sharp and saltwater. 


Snout shape: The V-shaped snoutisa 
general-purpose design for catching fish, 
reptiles and mammals. 


Jaws/teeth: The upper and lower jaws 
are the same width, so the fourth tooth 
in the lower jawsticks up. 


Colour: Mottled green or sandy yellow, 
with slightly darker scales along the 
back and tail. 


Skin: Each scale has a pore near the 
edge, visible even on crocodile handbags 
and wallets. 





Alligator 

Location: Alligators are only foundin 
the southern United States and China 
and vastly prefer freshwater. 






Webbed toes S / Snout shape: A heavier, U-shaped snout 
a provides extra strength for cracking 

their legs tucked in to Crocodiles swallow stones jaeflachell 

reduce drag, but 2 as they get older to urtie sneus. 

webbed feet allow for J counterbalance the weight 2 ; : 

sudden turns and a JP of the head and keep them Jaws/teeth: A wider upper jaw 


completely covers all the teeth in the 
The statistics... lower jaw when the mouth is closed. 


boost in shallow water. —— level when swimming. 





Please don'ttry this 


Colour: Much darker, sometimes almost 
a)aleeci@alevente 


completely black, depending on the 
water quality. 


Sere} : Skin: Alligators only have pores on the 

% ~~ ‘ scales that are covering the upper and 
ie a | lower jaws. 
Crocodile Fact 
Acrocodile with a very long, thin snout, 
is actually a gharial. Caimans look likea 
slightly smaller alligator, but you can tell 


Type: Reptile 
Diet: Carnivore 
Average life span in the wild: 


3 70vews them apart because the large scales on 
8 Weight: 1,200kg their head form a four-four-two pattern, 
5 instead of two-two-two. 

3 Size: 4.85m 
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“The load is transported down _ 
the river in four ways, depending 
upon the size of the material” 





Beginning life in the mountains, 
rivers form from streams created 
through precipitation or springs 
of water that are sourced from 
groundwater that has percolated the earth. 
These streams, known as tributaries, then 


The hydrological cycle 
flow rapidly through V-shaped valleys, over 


rocky terrain and over rock edges as 


waterfalls. This is the first of three stages any The river's fascinating pro CeSSeS and 


river goes through and is known as the upper a és é ‘ ‘ 
course, oryouth — Intriguing features from start to finish 

By the second stage -knownas the middle 
course, or maturity -many tributaries will = : ; Waterfall 
have joined together to form the main body of These are forned over 
water that makes up the river. The river thousands of years as the river 
meanders ata medium speed across narrow erodes away soft rock; the more 
flood plains, which are areas of flat land lying ont snproomoraness 
either side ofa river. Flood plains are formed 
when successive flooding causes sediment to 
be deposited on the banks. 

As the river follows its course it carries with 
itaload, which is made up of rocks, stones, 
sand and other particles. It is the load that 
causes erosion as the materials crash against 
the banks of the river. The load is transported 
down the river in four ways, depending upon 
the size of the material. Traction is the rolling 
of the largest particles across the riverbed, 
whereas saltation is the bouncing of those 
slightly smaller. Finer materials are carried 
along through suspension and some are 
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dissolved within the water and are moved Flood plain 
: This is the fiat land either 
through solution. 
" : : side of the river, where 
The final stage ofariveristhelowercourse, _—_giggqwater goes and 
predictably sometimes known as old age. By sediment is deposited 
this time the river hasslowed considerablyas — whenthe river floods. 
it heads towards the sea across broad flood M 
plains, finally ending at what is knownas the 
; ‘ a“ As the river travels its 
mouth, where the river finally joins the course its load erodes the 
ocean. Deltas are formed as the river then sides and carves out bends 
deposits its load. known as meanders. 





Deltas, estuaries and 
the river mouth 


The mouth ofa river signifies the 
end ofits course and is where the 
river meets the sea. The ‘D’ 
shaped area of sediment that 
forms at the river mouth is called 
a delta. Deltas are built up from 
the bed as the river slows and 
deposits its load as it reaches the 
end ofits course. The river tends 
to split as it travels over a delta. 
Estuaries are also found at the 
mouth ofa river. In these areas 
the fresh water of the river meets 








The river | 
system > 
Delta 2 3 


This is where the river slows 
down as it reaches the sea and 
as the water slows it deposits 
its load. This deposited 


and mixes with the salt water of sediment forms the delta. 
the sea. Estuaries are affected by M —a— 
— Neth sn = 
: ee The delta of the Atchafalaya River the river, where it 
diverse habitat for many plants on the er f of Nite alate) widens and joins with 
and animals. the sea. All rivers 
end this way. 
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LARGEST 1. Amazon 2. Ganges SHORTEST 3. D River and 
H e g d Location: Brazil Location: India = Roe River 
Containing 20 per cent of Hindus make pilgrimage to Location: USA 


the planet's fresh water, the India's largest river south of 
Amazon is the largest river the Himilayas to bathe in its 
in the world based upon the ES = water, which is believed to 

volume of water it carries. ——_— wash away sins. © Bryce W Harring 


A long controversy resulted 
in two 200-foot rivers being 
awarded the title of 
shortest river in the world. 





to Head 
RIVERS 





MD VPS AEE We all live ing river basin. Even if you don't live close to a river, all land drains to a river system 


Source 
it is here the river begins its life, in the form 
of small streams up in the mountains, 


“Tmiwemwnoeransee  O XbOw lakes 


the main body of the river. Oxbow lakes are crescent- or horseshoe- 
shaped lakes situated at the side ofa 
flowing river. They are formed from river 
meanders and are the result of lateral 
erosion cutting into the bends ofthe 
river's course where the river is flowing 
a, = at its fastest. This eventually leads to the 
two bends joining together and altering 
the river's course. Deposition also plays a 
role as sediment builds up on the outside 
of the bend where the river flow is much 
slower. As the river breaks through and 
the bends join, the sediment builds up 
to cut off the meander and an oxbow lake 


is formed. 0 iti 
of sediment 











© Science Photo Library 





Fast-moving current, 
aided by waterfalls 


—_ 





As the water flows around the meander it 
flows fastest at points 1, leading to the 
materials carried by the river crashing into 
(and therefore eroding) the bends. 










All of the land around 
the river is the river 
basin. The water 
drains from this land 
into the river. 
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“Ariverinthe Yamal Peninsula, OF SS ae | 
— peg > eee 
Mee iberia that’s produce: oxbow!a eg FS ay 


Deposition 
of sediment 


The river flows slowest at points 2, which 
leads to deposition of sediment. The 
continuous erosion at points 1 has led to 
breakthrough, where the curves of the 
meander have joined together, changing the 
flow of the river’s course. 





Deposition 








More deposition at point 3 has led to a 
crescent-shaped lake being completely 
separated from the river. This lake is known as 
an oxbow lake and in time will become a 
wetland, followed by a meadow where trees 
and plants will develop. 
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The 
sneaky 
secrets of 
the most 
amazing 
animals 
you ve 
never seen 


022 


Where gre the 





Ca 


Almost every animal hasa 
good reason to hide. Going 
undetected makes it easier 
to catch food - and easier to 
avoid becoming someone else’s. In any 
species, the individuals that stand out 
the most will be the first to be eaten and 
the last to catch their own dinner, and so 
natural selection picks the ones with the 
best camouflage. 

There are several different kinds of 
camouflage. The most basicis to hide 
undera rock, orin sand or leaves. This is 
sometimes called ‘crypsis’,and some 
animals will incorporate bits of their 
environment on their bodies to improve 
the effect. Three-toed sloths have algae 
growing in their fur, which gives them a 
dark green hue that helps them hide 


oe .~ ae se 


among the trees. Coral crabs deliberately 
attach young polyps to their shells so 
they resemble part of the reef. 

The next step is to change your own 
body colouration. Mammals havea 
colour pallette restricted to white, black, 
brown and yellow, but fish, amphibians, 
reptiles and birds can all produce a vivid 
array of greens and bright red. Red might 
not seem like a great colour for 
camouflage, but lots of seaweed and 
corals are red, and in fact many sea 
creatures obtain the red pigment for 
their bodies by eating the corals and 
seaweed that they hide among. 

Camouflage is a show performed fora 
few specific observers. Most mammals 
see in black and white, or only two 
colours. Primates see three primary 


colours while birds see four. Insects can 
see well into the ultraviolet part ofthe 
spectrum and many snakes can sense 
infrared. Choosing the right camouflage 
is about exploiting the weaknesses in 
your target’s visual system. Even ifyour 
colour isa very close match to your 
surroundings, your outline can still give 
you away. One of the earliest parts of the 
brain to evolve was concerned with 
recognising the edges of things, and most 
animals still have a dedicated outline 
recognition brain region. Good 
camouflage uses contrasting patterns of 
light and dark, or different colours. These 
trick the outline recognition system so 
that it mentally carves up your shape into 
smaller, irregular blocks. In some 
environments, there is so little to hide 





© Science Photo Library 


Pink soft coral crab Sea dragon Ghanaian praying mantis _ Leaf insect Gaboon viper 
This crab attaches coral polyps The leaf-like protrusions Normally green, the The wide flattened body of the A1.5m snake that’s as thick as 
to its own shell as a sort of on this relative of the Ghanaian praying mantis leaf insect looks just like a leaf, your arm sounds hard to miss, 
marine ghillie suit. With seahorse make fast will moult its skin and and the legs are disguised but the incredibly disruptive 
matching shell colouration swimming impossible, change to a black colour after a either as smaller leaves or as pattern perfectly matches the 
from eating coral, it becomes a but they do provide forest fire, in order to retain bite marks from the main leaf jumble of dried leaves on the 
walking coral reef. excellent camouflage. its camouflage. depending on the species. African forest floor. 





Tigers are well camouflaged in the jungle because most of the animals they hunt are green/orange colour blind 
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Cephalopods - particularly the octopus and the cuttlefish - are 
the undisputed masters of the quick change. Their skin is 
packed with specialised cells called ‘chromatophores’ that 
change the colour or reflectivity of the skin. Each 
chromatophore has its own activating muscle and nerve fibre, 
and these are connected to a part of the brain dedicated to 
coordinating the complex patterns. Although the 
chromatophores only contain red, yellow and brown pigments, 
cuttlefish can create almost any colour by combining different 
layers of coloured and reflecting cells. Green, for example, is 
achieved by using an iridescent layer deep in the skin to scatter 
light back through yellow pigments, which act asa filter. All the 
layers are controlled independently and simultaneously, soa 
cuttlefish can change its entire skin colourin less thana 
second. Chameleons use a similar arrangement of skin cells but 
the chromatophores are controlled using hormones, rather 
than nerve impulses, so the change occurs more slowly. 


Lt 
Under the skin Top layer Middle layer 
Stacked layers of The iridophores create 
ee chromatophores contain interference patterns to 
Chromatophore “ ih all thethree basicpigments. generateshimmering, metallic 
When the cellisrelaxed, the cs 7 Radial Reds, yellows, browns patterns, and arealso used to 
pigment forms an : muscle fibres and black colours are all create blueand green colours. 
inconspicuous dot in the | . : produced here. 
centre. By pulling the radial f 
muscles, the chromatophore ~ %... 


is stretched into a larger disc 
and the colour is visible. 
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Orange-yellow — Red-orange  — Black-brown 


lridophore 


Iridophores generate 
iridescent colours using 
stacked crystals of 
translucent guanine proteins 
as tiny prisms. By altering the 
angle of the iridophore, the 


x “ 











colour changes. 

® Pinks Yellows ™ Greens ") Blues Silver “seeeeee Nucleus 

Leucophore Nucleus 

Leucophores use the same 

proteins as iridophores, 

but instead of stacking , 

themin plates, the Mirror granules Base layer 

crystals are arranged on The guanine crystals are Leucophores are white. White 

the surface of the cell. actually transparent, but is used as a danger signal by 

Squeezing or flattening : byarrangingthemintiny |§ manyoctopuses, butthis layer 

the cell controls how much : Transparent beads they act like is also used as a ‘base coat’ to 

lightis reflected. Cell body refractive granule crushed glass and forma modify the colours of the 
white base. chromatophores above. 


behind that this ‘dazzle’ camouflage 
is all you have. The Royal Navy used 
this technique in World War Ito 
make it hard to judge the speed and 
heading of battleships on the 
featureless ocean. But the orca, or 
killer whale, beat them to it by 
several million years. The bright 
patches of white ona black body 
disrupt its outline so that it is not 
immediately recognised asa threat. 
Zebras use the same technique, but 


this time the entire herd merges into 
one huge zebra that is much more 
intimidating and confusing to lions 
and cheetahs. 

Sometimes, a purely visual 
camouflage isn’t enough. Procrypsis 
is the technique of camouflaging 
your movement. Predators are 
acutely sensitive to movement, buta 
typical forest is a whirl of activity and 
they must quickly tune out the 
background motions of wind, water 


andall the non-food animals ifthey 
are not to be overwhelmed. 
Chameleons, leafinsects and preying 
mantises can exploit this by moving 
witha rocking motion that mimics 
the swaying of branches in the wind. 
Some Pacific octopuses will curl up 
likea rock, but still manage to move 
along the seabed by synchronising 
movement with the back-and-forth 
patterns of shadow cast by sunlight 
through the waves. 





Harmless hoverflies 
can mimic wasps 


© Entomart Dasysyrphus 


What’s brown 
and sticky? 
A stick! 


Camouflage is usually about 
blending anonymously into the 
background, but there are times 
when it is better to disguise 
yourself as something specific. 
Mimics copy the shape, colouring, 
movement and sometimes even 
the smell of another species to fool 
prey or predators. This isan 
evolutionary arms race. As 
predators evolve more and more 
acute senses to see through the 
subterfuge, so the mimics must 
constantly refine their disguise. 
One of the most common forms of 
mimicry, Batesian mimicry is 
where a harmless species pretends 
to bea dangerous one, suchas the 
many species of hoverfly that 
mimic stinging wasps. But 
poisonous species can mimic each 
(0) 0 al=) om Colom (eetcbamen-Delemisla ae) 
butterflies show this kind of 
‘Mullerian mimicry’ —-bothare 
toxic, but they have evolved to 
mimic each other so that bird 
predators only have to learn one 
wing pattern to avoid, rather 
idetebemanyen 






utterfly mimics to 
ward off predators 
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- Technique: Colour and movement 
Reason: Hunting 
In the lush, high-altitude forests of 
Kenya and Tanzania, the bright 
green skin of the Jackson’s 
chameleon blends with the mosaic 
of thick waxy leaves. Their skin is 
mottled to break up the animal's 
outline and has very rough scales to 
create a thorny, irregular texture. 
When they perch, their long tail is 
coiled into a tight circle to help the 


chameleon look more likea leaf, and * 


they move with aswaying motion to 
mimic the effect of the breeze 
through the branches. 


Jaguar 

Technique: Disruptive pattern 
Reason: Hunting 

Hiding 100kg of big cat in the dense 
forests of south America isn’t easy, 
but ifyou are an ambush predator, 
it’s vital that you succeed. Jaguars 
use asimilar rosette pattern on 
their fur to the African leopard but 
the rosettes are larger, darker and 


have asmallspotinthe middle. The 
effect is similar to the dappled 
shade cast by the thick jungle 
foliage on the forest floor. This 
makes it very hard to trace the 
outline of the jaguar, until it moves. 
And by then, it’s too late. 
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Jungle illusionists <3 


An impressive game of hide and \grs 
ee takes | olace amon 
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Seek a: 


the trees 








© Fanny Schertzer 
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Tawny frogmouth 
Technique: Disruptive 

colour pattern 

Reason: Defensive 

This distant relative of the owl and 
cuckoo lives in Australia and New 
Guinea. It eats insects and small 
frogs by sitting still until food 
comes within range, and then 
pouncing. It feeds at night, sothe 
camouflage is to protect it during 
the day. Perched motionless in the 
crook ofa tree branch or ona dead 
log, the pattern ofits feathers 
mimics the texture of tree bark. 


A lone zebra is easier for lions and 
other predators to see, compared to 
when they're huddled together 


© Science Photo Library 


Bird dropping spider 
Technique: Mimicry 

Reason: Defensive 

This Australian spider catches 
mothsat night byluring them 
with their own sex pheromones, 
but during the day itis vulnerable 
to being eaten by birds. Soit 
disguises itself as the least 
appetising thing fora bird: 

their own droppings! The 
creamy-coloured abdomen with 
brown stippled patches closely 
resembles the guano ofa bird 
that feeds on insects. 


Israeli sand gecko ¢ 
Technique: Colour and counter- . 
shading 
Reason: Protection and hunting 
Sand geckos use the huge surface ~ 
area on their finger pads to cling to 
the walls or roofs of rock crevices 
in the desert. The mottled sandy 
colour that covers all of their upper 
surface, including their eyelids, 
blends against the gritty 
sandstone rocks. When they are 
the right way up, huntinginsects \ 
on the desert floor, their white 
belly appears to neutralise the 
shadow cast by their upper body. 


© Wtiwaner 
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The land is home to many sly & 
creatures, so watch your step 













| Chameleon changes 
ves! fe The word ‘chameleon’ is a by-word for invisibilityand camouflage, but most 
: : chameleons don’t change colour to match their surroundings. Their default 
colour is already an excellent camouflage and colour changes are used to 
signal their mood to other chameleons. 









DID YOU 
KNOW? 


Zebra Technique: Stripes and 

counter-shading 

Reason: Defensive 

Mackerel swim in huge schools. 

Seen from above, the distinctive 

striped pattern resembles the 

rippling pattern of shadow seen in 

shallowseas. At close range the 

3 effect may be similar to the zebra’s 
stripesandmakeithardfor | 

predators to lock on to any single 

fish. The counter-shaded belly is 

common to most fish, making 

them harder to spot from below 

against the lighter surface. 


Technique: Dazzle pattern 

Reason: Confusing predators 

The African savannah isa difficult 
place to hide, but the bright stripes 
of the zebra workin a different way. 
Instead of making the animal blend 
into its surroundings, they makeit 
blend into the herd. When 
threatened, zebras huddle together 
and thestripes make it difficult to 
tellwhere one starts and another 
ends. Lions and other predators rely 
on splitting one target away from 
the herd. The visual clump created 
bythe stripes confuses and actsasa 
survival technique for the zebra. 


Technique: Colour changing 
Reason: Signalling, huntingand 
protection 
Cuttlefish have the most advanced 
colour-changing system of any 
animal. Not only can they change 
their colourin less thanasecond, 
but they can also move from static 
camouflage patterns to rapidly 
pulsing displays to hypnotise prey 
or communicate with other 

_ cuttlefish. Their skin can also 
change the polarisation of the light 
reflecting offit, important because 
many marine animalsare sensitive 
to the polarisation angle of light. 
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Snowshoe hare 
Technique: Seasonal colour 
Reason: Defensive 

During the short Alaskan spring 
and summer, the snowshoe hare 
has fur thatis standard ‘rabbit 
brown’ to blend against the leaves 
and heather. But this hare doesn’t 
hibernate anda brown animal 
wouldn't last long ona carpet of 
snow, with lynx and great horned 
owls patrolling. So it moults toa 
winter coat, which is pure white 
except fora black tip on each ear. 


Egyptian nightjar 
Technique: Colour and pattern 
Reason: Protecting its eggs 

Birds normally defend themselves 
against predators by flying away, 
but the Egyptian nightjar lives in 
the desert, where there are no trees 
for roosting. It also eats moths, 
which means itis active by night. In 
the day itrests on the sandy ground, 
butits mottled brown, rather 
scruffy-looking plumage is almost 
impossible to spot. The nightjar just 
looks like a stone ora piece of dried 
wood. Egyptian nightjars don’t 
even build nests, hiding their eggs 
beneath their own camouflage. 


Technique: Colour and spines 
Reason: Ambush 

The stonefish catches small fish 
and shrimp by lying still on the 
seabed and resemblinga stone. 
When food swims close, it pounces 
and then goes back to beinga 
stone. To defend itself from its own 
predators, the stonefish has 13 
poisonous spines. Whereas most 
poisonous animalsare brightly 
coloured asa warning, the 
stonefish’s camouflage means that 
it’s often trodden on by accident, 
killing a human in two hours. 


Technique: Colour changing and 
behavioural mimicry 

Reason: Protection and hunting 
The mimic octopus isan active 
predator and can’t afford to spend 
long periods sitting on the seabed 
pretending to bearock. Butit does 
have lots of predators ofits own, so 
uses its camouflage abilities to 
imitate more than 15 other animal 
species. As well as changing the 


_ colourand patterning ofits skin, it 


canalso radically alter its texture 


from smooth to spiny and contortits 


arms and body to change shape. 
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Octopuses are the 
superheroes of the animal 
kingdom, with so many 
amazing abilities and 
adaptations that it begins 
to look greedy. They can solve mazes, 
open screw-top jars and use tools. They 
can walk, they can swim and they can 
even jet propel themselves at high speed. 
They can change colour, imitate other 
animals, squirt ink, inject poison and 
jettison their own legs. When you can do 
all that, who cares if you can predict 
football results or not? 

Although they are molluscs, octopuses 
don’t have a shell or bones and the only 
hard part of their body isasmall beak, 
made of keratin. This allows them to 
squeeze through extremely small gaps -an 
octopus a metre across can pass througha 
tube the size ofa 50 pence coin. Octopuses 
mainly eat crabs and small fish that they 
winkle out of crevices in rocks and coral 
reefs, but they can also tackle small sharks 
by enveloping the shark’s gill openings and 
suffocating them. 

Octopus blood uses a greenish-blue 
copper pigment called haemocyanin, 
instead of the iron-based haemoglobin in 
our own blood. Haemocyanin can’t carry 
as much oxygen as haemoglobin, but itis 
actually more efficient at low oxygen 
concentrations and in cold water. Despite 
this, octopuses have poor circulation and 
quickly run out of energy. This may be one 
of the reasons for their intelligence —- they 


Jet-propelled 


bom 








Octopuses normally swim by pulsing their tentacles, 
like the bell ofa jellyfish. This is quite energy efficient 
but it lacks acceleration, so when an octopus needs a 
sudden turn of speed it switches to jet propulsion. To 
do this, they suck water into the mantle cavity and 
then squirt it at high pressure out of their siphon tube. 
This is the same way that they circulate water over 
their gills, so the octopus is really taking a deep 
breath and then blowing out hard. The siphon is 
positioned on the side of the octopus’s body but it can 
be steered like the engines ofa Harrier jet. Sometimes 
they use it as a boost when walking as well. 
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Eight-legged wonders 


Octopuses 


The incredible abilities of this eight-legged 
wonder of the natural world, exposed 


The statistics... 


“Male octopuses die 
after mating” 





Octopus 
Class: Cephalopod 
Diet: Carnivore 


Average life span in the wild: 
6 months-5 years 


Weight: 0.1-200kg 
Size: 3cm-9m 

























Eye 
This looks much like our own, with 
a lens and an iris but it evolved in a 
~ different way. Octopuses don't 
a : have a blind spot where the optic 
nerve passes through, because the 
retina ts positioned differently. 
don’t have the stamina for a prolonged 
chase and must rely on their cunning. Poison glands 
Male octopuses die almost immediately These evolved from salivary 
after mating. The females are even bigger {oa pam = 
. paralysing prey they also ly 
martyrs. They guard their 20,000 eggs fora soften up the flesh, making l 
month and rather than leave the nest to it easier to eat. : AY, 


hunt, they will eat some of their own legs. 
After that, the female dies and the eggs 
hatch into babies approximately the 
size ofa walnut. 


Chromatophores 
The colour-changing cells in 
the skin are funnel-shaped. 
By squeezing ink into the 
funnel from a bulb at the 
base, the octopus can control 
the size of the coloured dot. 


Colouration 
This blue-ringed octopus can 
change colour to match the sea 
bed or suddenly flash the bright 
blue rings to startle predators. 


Twin rows run the length of the tentacles to allow the 
octopus to grip and to taste anything it touches. 


Great for 
gripping... 


The way forward when the octopus 
needs a quick burst of speed 
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2. Common 
octopus 
Several octopuses 
in zoos have figured 
out how to undo 
screw-top jars to get 
at food inside. 


1. Mimic 
octopus 

To scare predators and 
fool prey, this octopus 
changes shape and colour 
to impersonate snakes, 
jellyfish and even crabs. 


. The only invertebrate to 
‘" demonstrate tool use, the 
coconut octopus carries around 
two halves of a coconut shell and 
" climbs inside when threatened. 











Octopuses have three hearts; two pump blood through the gills, the third serves the rest of the body 


Octopus 
anatomy 












gets broken up All octopuses inject a paralysing poison 


ay thee posed: through their beak to subdue prey. The 
Only one third of the sontractons smaller the octopus, the more deadly 
octopus's neurons are in of the body. the poison. The 10cm blue-ringed 


octopus can killa human. Octopuses 
have lots of predators of their own 
though, and most of their adaptations 
are to evade capture. Colour-changing 
skin cells, called chromatophores, can 
be used for camouflage or to flash 
alarming colours to scare predators. 
Many species also have tiny muscles 
under the skin to change their texture to 
resemble spiky coral or fringed 
seaweed. The mimic octopus will even 
hold its legs and swim in such a way as 
to look like a flounder, sea snake ora 
poisonous lionfish. If that doesn’t work, 
the octopus can squirt a cloud of 
melanin dye. This provides asmoke 
screen and also interferes with the 


penis, they deposit sperm in the sense of smell that most sharks use to 
. female using one of the tentacles. locate prey. 
ae In some species the third tentacle 
‘4% onthe right is specialised for this 


al. ay job and is called a hectocotylus. 
Siphon 
The ‘exhaust pipe’ for the gills and 
also a means of jet propulsion. 

; 








%/ | 
The octopus » a : 


ym defenceless 
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With the ability to twistin every 
direction, and suckers that can grip and 
release individually, octopus legs are 
much too complicated to be controlled 
from a central brain. Instead they operate 
semi-autonomously. An octopus is likea 
man holding a bunch of trained snakes; 
he issues instructions and trusts that they 
will be carried out, occasionally he hasa 
look to make sure. This means that an 
octopus doesn’t have a very good idea of 
where its legs actually are at any moment 
and can’t work out the shape of 
something by feeling it, like we can. 

Octopuses can taste through their 
suckers and can detach a leg and 
regenerate a new one if they need to give 
you the slip. One species, the Paper 
Nautilus, uses a leg to deliver sperm. It 
detaches and swims across to the female 
all by itself. 














Where can you find an octopus? 

1 Coral reef- The myriad crevices ina reefare home 
to lots of tasty creatures but the octopus is very good at 
winkling them out. 

2. Sandy floor- This is more dangerous for an octopus. 
Some dig burrows in the sand, others use discarded 
bivalve shells, like a hermit crab. 

3 Rocky abyss- The giant North Pacific octopus lives in 
the deep, freezing depths of the Pacificseabed. 
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Why swim when you can 
lay back and read? 





What makes this ocean so much 
Saltier than everywhere else? 


The Dead Sea is the second saltiest body of water on the 
planet. Its water is around eight times saltier than 
ordinary seawater -and a quarter of the weight of Dead 
Sea water is salt. Salty water is denser than fresh water, 
so it’s harder to sink in the Dead Sea than regular water. You can 
even float on your back and read a newspaper. 

Salt collects in the Dead Sea because ofits geography. The sea lies 
inland on the border of Jordan and Israel at the bottom ofan 
enormous rift valley. It’s the lowest spot on Earth - about 400m 
below sea level at the water’s surface. Only the Jordan River flows 
into the Dead Sea, and no rivers out. Water can’t escape except by 
evaporation. It’s estimated that over 7 million tons of water 
evaporate each day due to the hot, dry climate. When this water 
evaporates, it leaves behind the salt it contains. 





The Dead Sea gets its name because only 
tiny plants and salt-loving bacteria can 


survive in the salty water. 








Creatures throughout the animal 
} kingdom undergo the process of 

moulting-the replacement of their 
horns, hair, skin or feathers. Insects 
moult to allow their growing bodies to expand 
beyond the constraints of their rigid exoskeleton, 
forming a new shell in the process and often eating 
the old one. Most mammals shed their hair in 
autumn to growa thicker layer of protection for the 
winter, and vice versa for the summer. 











028 





Animal moultin 


It’s the circle of life in all its skin-shedding glory 


Birds moult their feathers regularly as they 
become worn with use, growing fresh new ones 
in their place. Water birds, however, often lose 
all their feathers at once and thus the ability to 
fly, meaning that they must remain hidden from 
predators until their feathers have re-grown. 
Camouflaged animals keep their pattern when 
they’re moulting except for decorator crabs, 
who transfer the camouflage from their old to 
new exoskeleton. 
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The timescale of moulting for a southern hawker dragonfly is a little over three hours 


“Insects moult to allow their 
growing bodies to expand” 


The sextiesiseckSGIIK spinners / Animals that moult 


Satellite image of 

me Dead Sea, which 

15 68km (42mi) longand 
km (11mi) wide 





How and ie do these insects 
produce silk’ 


Silkworms produce liquid silk internally in 
} two specially evolved glands. These glands 
feed the silkworm’s spinneret, a single exit 
tube that protrudes from the head, from which 
the worm can direct the flow of the liquid into a matrix. As 
the liquid silk exits the spinneret, it hardens on contact 
with the air to form twin filaments composed of fibroin-a 
strong protein material - which is then covered with the 


gummy chemical sericin, excreted froma 
ia, 





second pair of glands to cement the 
filaments together. Silkworms use 
their produced silk to builda 
protective cocoon for their 
metamorphosis into silk moths. 
Once unravelled, a single cocoon 
woven by asilkworm can 
measure up to 900m in length. ~ 
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Heated cocoons mean that ' 
silk fibres can be woven *hotoBibrary 


Out with the old, in 
with the new... 
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Eye-spy Seven Mosaic 
There are ten eye layouts Simple eyes such as those of Adult dragonflies can have 
falling into two categories. humans are very common on 30,000 ommatidia, giving 
Simple eyes have one concave Earth and have evolved at them incredibly detailed, 
photoreceptive surface, while least seven times from just a mosaic-like images to process. 
compound eyes have a number small grouping of The quantity also grants them 
of lenses on a convex surface. photosensitive cells. excellent movement sensing. 


Different forms Cambrian 
Compound eyes come in two Apposition eyes are almost 
forms. Apposition eyes work certainly the original type of 


by combining individual compound eye. The oldest eyes 


points of info together to form found are from the trilobites of 
an image, while superposition the Cambrian Period (542- 
eyes create one whole image. 488.3 million years ago). 


B XR MOLR X MOIXIKIKIKE XID Compound eyes are between 5-s5o micrometres in size 
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A compound eyeas imaged undera 
clectrofillicr oe, Note the 
numerous individual ommatidium 
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Compound ey 
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structur e 
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Allowing for an incredibly wide viewing angle and 
the detection of fast movement, compound eyes are 
highly technical biological structures 


Compound eyes are made up of 
numerous small optical systems 
arranged around the outside of a convex 
surface. There are two different types of 
compound eye: apposition and superposition. The 
former is the more common and works by having 
each photorecepting system (the eye’s ommatidia) 
independent from every other, each viewing light 
from just a small part of the overall picture, only to 
be then pieced together by the brainintoa 
comprehensible whole. This differs from 
superposition compound eyes where the 
individual optical systems do not work separately 
from each other, but rather instead pool their light 
together to produce one single erect image at the 
back of the eye. 

Indeed, apart from an external aesthetic 
similarity, with an array of facets positioned around 
a convex structure, the two compound eye types 
differ greatly in how they work. The main difference 


> 





is most evident in how the two eyes’ ommatidia 
process light to form an image. In apposition eyes 
each ommatidium consists ofa thin, tapered tube 
capped with a cornea, beneath whichisa 
transparent crystalline cone through which rays 
converge to an image at the tip of its receptive 
structure, referred to as the rhabdom. Each 
ommatidium is hexagonal in shape and lined with 
pigment cells, which act asa light barrier between 
each tube. Because of this, each ommatidium only 
receives an incredibly narrow proportion of 
incoming light from directly in front of it, each 
contributing a small part of the overall picture. 

In superposition compound eyes, however, 
beneath the optical elements there is a wide 
transparent clear zone, unimpeded by pigment 
cells. This means that unlike apposition compound 
eyes where the ommatidium form small isolated 
images to be pieced together at the brain, the optical 
elements in superposition eyes superimpose all 


Inside a 
bee’s eye 


Cornea 

The outer partofeach 
ommiatidium is overlaid with 
a transparent cornea that 
refracts incoming light. 


Crystalline cone 


Beneath the cornea of the ommatidium 


is a crystalline pseudocone that helps 
focus the light further into its body. 


Photosensing cells 
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The inner 90 percent of the \ YASS 
ommatidium contains six to eight — 
long, thin photosensing R cells. 
Optic nerve 
Rhabdom Atthe base of the rhabdom 
The portion of the R cells at the central itmeets an optic nerve 
axis of the ommatidium forma light which transmits the picture 
guide, a tube referred to as the rhabdom. element to the brain. 


In apposition 
compound eyes, 
pigment cells line 
the walls of each 
ommatidium to 
block light from 
other ommatidia. 





light rays received across the ommatidia to form one 
erect image on a deep-lying retina, only then having 
the whole image sent to the brain for processing. 

There are benefits of each type of compound eye, 
compared to each other and standard lens-bearing 
eyes as sported by humans. The main benefits 
include a very large viewing angle - due to the 
convex array - fast movement tracking due to the 
amount of photorecepting units that do not have to 
individually move to track, and the ability to detect 
the polarisation of light. However, negatively, 
because the individual elements are so small, due to 
the principle of diffraction of light, resolution in 
compound eyes is considerably worse than in 
normal variants with large lenses (this is why 
astronomical telescopes have such large lenses or 
mirrors). The main benefit of superposition eyes 
over apposition eyes is their ability to delivera 
picture in lower light conditions due to the 
convergence of gathered light rays. 
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Killer reptiles 





We take a look at the most 
dangerous reptiles on Earth 


bn 





From snakes to crocodiles, the deadliest reptiles on our 
planet have a variety of ways to kill, stun or disable a foe. 
Some, like the king cobra, possess a fatal amount of 
venom that they inject into their prey, while others like 


the saltwater crocodile use their strength to overpower enemies. 
Across all corners of the globe lurks a reptile with the potential to 
cause harm. While some are unjustly feared despite their timid 
nature, others are not nearly feared enough. Attacks on humans in 
most cases are rare due to the knowledge of how dangerous these 
creatures can be. However, they are not unheard of, and when one 
of these animals is cornered or threatened its aggressive nature can 


quickly become apparent. 


Read on and take a look at five of the planet’s most lethal 
carnivorous reptiles, as we pit them head-to-head to find out which 


is the most deadly. 


The largest venomous snake in the world, it 
strikes fear into the heart of its prey 


Fortunately for us, the king 
cobra is generally shy and will 
slink away from humans. 
However, when defending itself 
or its eggs itis one of the most 
deadly reptiles known to man. 
When facing an attacker the 
cobra is able to raise 1.8 metres 
offthe ground and move 
forward to attack. 

They live in undergrowth 
present in rainforests and 
humid jungles. One of their 
terrifying characteristics is the 
ability to slide up trees, 
surveying the area and finding 
prey from above. They primarily 
eat other snakes and smaller 
reptiles, preferably non- 
venomous snakes. To find prey, 
itcan “smell” nearby chemicals 
with its forked tongue. 

To kill, the king cobra strikes 
and pierces its prey with its 
fangs, injecting a lethal amount 
ofvenom. Asingle bite froma 
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king cobra will typically contain 
6-7m1 of neurotoxin, which is 
enough to kill up to 20 people. It 
then devours the creature 
whole. They are the only snakes 
that make nests for their eggs, 
and a female king cobra will lay 
anywhere from between 20 and 
40 eggs at any one time. King 
cobras are generally found in 
southeast Asia, with the largest 
living in Malaysia. 
































Fangs 

Two short, fixed fangs 
inject venom into prey 
likea needle, killing 
them in minutes. 


Jaws 

OhiMaech te tiles ob 
their jaws very wide to 
swallow large prey. 


Neck ————_____—_—_—______> 
The ribs on its neck 

can flatten when itis 

threatened, extending 


lisp alelelen 


ss - 
They digest thetrfood slowly = 
heya 
alargeanimalL 
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Cold blooded Skin Heart Eggs Air 


Reptiles are able to regulate Reptiles have a dry and All reptiles have a three- Most reptiles lay eggs Although some reptiles 
their inner body temperature scaly skin that contains high chambered heart to pump with a hard shell, and baby reside in or near water, 
depending on the environment levels of keratin, which blood around the entire reptiles develop within they need a constant supply 
they are in, helping keep them prevents water loss and body, except crocodiles, the eggs from which they of air unlike amphibians, 
alive in a number of different helps regulate the internal which have four chambers hatch, requiring both food which live underwater when 
places and situations. body temperature. just like humans. and air immediately. they are born. 




























TIME TO 
DEATH 


The only venomous lizard which 
lives in the United States is shy 
but can be very deadly 


Found across several states in America, 
including Nevada and California, the Gila 
monster is known for being timid but 
potentially very deadly. Its main source of attack 
King cobras can see 100m away, is its venom. The teeth ofa Gila monster have 
and although (i) grooves which channel the venom into the 
they can “hear” sound vibrations. 
wounds ofits prey. They are average-sized 


—————— ee Te lizards with powerful jaws and short legs bey $ . * ? 4 einateel. 





They shed thelr smootl-scaled adapted for digging. ? ie ‘ , 7 o Handle 
skin about five times ayear. Identifiable by their characteristic black yo My 29 . = | é with care! 
._ ~ " bodies interspersed with orange, pink and | > 
yellow, Gilas are lethargic creatures that spend 





about 95 per cent of their lives underground in 
burrows. They eat mainly bird or reptile eggs 
and on occasion small birds, lizards and 
mammals. They are commonly thought to be 
very deadly and dangerous reptiles. However, 
their venom is primarily used for self-defence. Astout body and 
They tend to bite their prey by surprise and beadlike scales, the 
come back when the venom has taken effect. Gila monster tends to 
Unless threatened, Gila monsters will only reside in harsh desert 
attack when seeking a meal. =i Meare 


isita 
monster? ,,. 


The human risk is low, *« 

but this beast can, ty 
be deadly ws 
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Genus: Ophiophagus 






The statistics... 








Length: 3.6-5.5m 2 on 
Weight: 6-9kg ee Gila monster 
pon Top speed: 16km/h (LOmph) f ~~ * = — , Genus: Heloderma 






Life span: 20 years 


, “we 


Length: 30-60cm 


Weight: 1.3-2.2kg 
; Fatty Top speed: 24km/h (15mph) 
Gila moi. ters store fat in their tails - like a camel : - 
Geechee Glectieccletisilaiscerci |  blfe Span: 30 years 










Which parts 
of the world 
do our deadly 
five inhabit? 


King cobra 
Gila monster 


“a 
> 
S 
~~ 
; 8 Saltwater crocodile 
3 Komodo dragon 


MN) Green anaconda 
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“The saltwater crocodile will 
See overpower, drown and 
then dismember its prey” 





Killer reptiles 









i : Saltwater crocodile Tail 
Genus: Crocodylus Thestrong eon a 
Length: 2.1-7.0m Komodo dragon a = 


Weight: 408-1,000kg 
Top speed: 40km/h (25mph) 
Life span: 70 years 





The statistics... 
Komodo dragon 


Genus: Varanus 

Length: 2-3m 

Weight: 68-91kg 

Top speed: (24km/h (15mph) 
Life span: 30 years 
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Scales — 
. Oval-shaped scales cover 

a the top ofits body, with 

® rectangularscales on 


their belly. 
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pe he, Rage =, Ridges 
o* e *. of © 3 52" Ridgesrunalongits 
crocodilian on Earth eats =) Good — ‘niet eee head, which are mare 
. ~» swimmers : ~~. “4e— =«prominentinadults. 
anything, even humans Webbedhindfeethelp [ama ae 
: saltwater crocodiles 
When tackling large prey or attackers, manoeuvre in water. 
the saltwater crocodile will typically 
overpower, drown and then dismember ’ Body 
them. The crocodile can hold its prey temperature 
underwater as it can separate its mouth These crocodiles keep 


= cool by stayingin water, 
and warm up by 
basking in the Sun. 


acekIaty 


from its throat, allowing it to open its 
massive jaw when fully submerged. 

To finish offits prey it will either drag it 
to land or hold it above water and 
swallow it vertically. 

They are very intelligent creatures, 
lurking beneath the surface of the water 
until potential prey arrives fora drink. 
Using their powerful tail, they then 









_ Head 
Its huge head and Eyes 
massive jaws let it easily Clear eyelids allow these 


catch and devour prey. * crocs tosee underwater. 


suddenly leap out of the water and drag most powerful bite on the planet. On 
their prey back underwater. In the last land they use their strong legs to move, 
25 years they have been responsible for while underwater they use their giant 
the death of about a dozen people. tail for propulsion. 
They mostly eat small fish and land They are generally found in brackish 
vertebrates buttheyarenotpickyeaters. (slightly salty) waters such as rivers, 
Any mammal inits vicinity is good food swamps and estuaries. They are also 
as far asa saltwater crocodile is occasionally seen in the open sea as they 
concerned. They have even been known can swim up to1,000km (620 miles), but 
to attack boats, mistaking them for they are most commonly found in | 
enemies. Their jaws have a biting force northern Australia, southeast Asia and : ’ Abeastthat can kill 
of up to 2,300kg per square inch, the eastern India. Tea lersjacter@eyecsts 
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PF 2. Venom 


, ey iloxins target the nerves 
¢ \ § and muscles in prey which 
provide movement, often 

' rendering animals 
. completely immobile in 

- under an hour. 





Some reptiles seep venom 
into their prey when they 
bite, coming back to finish 
off their enemy up toa 
~ week later when the venom 
’ has taken effect. 











3. Constriction 


Reptiles such as the 
anaconda asphyxiate their 
prey by coiling their body 
around that of the prey, 
stopping them breathing 
and killing them in minutes. 


The Komodo dragon was discovered in WWI, when a pilot saw the reptiles after swimming to Komodo Island 





















The biggest snake in the world is at its 
most dangerous when underwater 


Although its cousin, the 
reticulated python, might be 
longer than the green 
anaconda, it pales in girth 
comparison, as the anacondais 
not only long but also incredibly 
thick. They are one of the few 
reptiles where the females 
outsize the males. They tend to 
live in swampy marshes and 
streams in the tropical 
rainforests of the Amazon and 
Orinoco basins. On land they 
are slow and clunky but in 
water they are reptiles to be 
reckoned with. Like the 
saltwater crocodile, they wait 
submerged in water for prey to 
approach, using their eyes and 
nostrils on the top of their head 
to see around and breathe. 

Like the king cobra the green 
anaconda swallows its prey 
whole, digesting it as it moves 
down its body. Its teeth are 








These huge lizards like to live an 
isolated existence except during 
mating season, when males will 
patrol and defend a territory up 
to 1.9km (1.2mi) long per day. 
They are found only onasmall 
group of Indonesian islands in 
the Flores and Baliseas. 
Komodo dragons are 
cannibalistic, but will also eat 
large prey such as pigs and deer 
ofa similar size to themselves. 
Like saltwater crocodiles they 
are not fussy eaters, and will eat 


Attack . 
When killing prey, the green anaconda 
coils around and constricts its prey until 
itcanno longer breathe. » 


angled backwards, so that once 
it has bitten its prey, any 


mt 
Giant 
ill onl 
attemptstoescapewillonly 


They feed on animals as large Why this massive reptile 
as jaguars and also pigs and ie sO dangerous 


deer. Their main method of a 
Mone $ 


attack is constriction; they are 


known as nonvenomous The rreen anaconda can 
constrictors. They wrap their Open its mouth mh jaw 
bodies around prey and eng 


squeeze until asphyxiation 
occurs. Again, they can go 
months without eating aftera 
large meal. 


The statistics... 
Green anaconda 


Genus: Eunectes 

Length: 6-9m 

Weight: 132-227kg 

Top speed: 21km/h (13mph) 
Life span: 10 years 


The world’s deadliest 
hand puppet... 
















The world’s heaviest living lizard is also 
one of the most dangerous reptiles 


almost anything they can 
overpower, including other 
dragons. They are very quick 
eaters: a 45kg dragon was 
observed to eat a pig almost its 
own weight in 20 minutes, 
equivalent to a human eating 
320 quarter-pound hamburgers 
inthesame time. 

It was only discovered in 2009 
that Komodo dragons possess a 
deadly amount of venom, which 
they use to kill their prey. When 
hunting, a dragon will keepa 
vice-like grip on its prey with its 
mouth. Venom then seeps into 
large wounds on the prey made 
by the teeth. The prey goes into 
shock and bleeds to death. 
Although they have a similar- 
sized skull to that ofa saltwater 
crocodile, the bite ofa dragon is 
only one-sixth as strong. 


Head ~ 
“Narrow head is smal] 
when compared to its 





ite aT d to be 
‘muck shore than the boy and 
/ith tiny sensory hairs that 


, —~ 
3 pinchers used to shred 
asses, plants and crops, the 
mandibles can chew food and 
instigate mechanical digestion. 





‘Information is fed to the ganglia via 
[ts antenna, sensilla and cerci 


Titges on its 


fore wings. 


> 


according to age and gendér - females 
are larger than males. Females have an 
ovipositor, a tubular egg-laying 
ture, atthe rear. 





Grasshoppers 


Renowned for their j jumping prowess, 
grasshoppers area eure species of insect 


Similar to the locust and cricket, 
Se the grasshopperisa species of 
insect in the orthoptera order, 

* however it isnon-migratory and 
tends to exist in isolation (ie, it does not 
Swarm), meeting up generally only to mate. 

Grasshoppers consist of a long abdomen 
(females are equipped with an ovipositor for 
laying eggs), short forelegs, powerful hind legs 
(responsible for its jumping prowess), two 
pairs of wings and a short antenna. Its nervous 
system is controlled bya series of ganglia, a 
collection of nerve cells located in each part of 
the body - the largest occurring in the head. 
Information is fed to the ganglia via its 
antenna, sensilla (tiny exterior hairs) and cerci 
(paired appendages at its rear). Soundis 
detected by a pair of tympanal organs, a set of 





membranes stretched across a frame, and 
backed by an air sacand sensory neurons. 

Grasshoppers are herbivores and tend to eat 
grasses, plants and leaves, dissected by their 
mandibles. Food is digested in a series of three 
guts —- the stomodaeum, mesentreron and 
proctodaeum - running from the fore of the 
abdomen to the rear respectively. Food is 
broken down bya selection of secreted 
enzymes including amylase, protease, lipase 
and invertase. Reproduction occurs througha 
lengthy ovulation process (up to nine months), 
with eggs laid by females typically a few 
inches underground. 

There are currently roughly 11,000 species 
of grasshopper recorded worldwide, and they 
tend to be found residing in tropical forests 
and grassland planes. 





The spexopéneograsshopper / Squid swimming techniques 


How do 
squid swim? 


The jet propulsion system that 
powers squid though water 


To move itself through water a squid will emit 
constant, steady bursts of fluid to provide the 
necessary acceleration. Squid are able to take 
water into their mantle and expelit ata high 
rate, reaching speeds of up to 40km/h (24mph) after 
expelling 94 per cent of their fluid. 

Shaped like a torpedo, the rear body ofa squid lets it 
travel almost like a rocket. By quickly compressing the 
mantle, a jet of water shoots out behind the squid. The 
force of this jet moves the squid forwards, allowing it to 
drift until it comes to a stop, when the process is 
repeated. To refill the cavity, elastic tissue in the mantle 
works in tandem with radial muscles to bring in water, in 
addition to the pressure of incident water as the squid 
moves. During feeding, the squid swims in the other 
direction using its arms, allowing it to easily grab prey. 

To quickly evade predators, squid can hyperinflate 
their mantle cavities, expanding them beyond their 
normal size. This allows for a quick and sudden intake of 
water that can be rapidly expelled for a fast getaway. ~~ 


Method of propulsion 


Mantle 


As the squid prepares to propel 
itself, the walls of the mantle 
expand to bring in water, filling 





> 








the mantle cavity insikie. 
—_ 
ans 
| Ee 
' ng 
To change its direction it 
| uses two fins at its tail end, 
in addition to altering the 
direction of the jet. 
. = — — . 

Funnel L) The water is spurted out 
A one-way vaive known as the near the squid’s head, 
funnel allows water to be stored propelling it backwards 
for jettison at a later period. through the water. 


These jet-propelled swimmers can 
reach speeds of 40km/h (24mph) 


© Dan Hershman 








Petrified forest 


The world’s biggest concentration of fossilised trees can be found in Petrified Forest National Park, 
Arizona, US. Here, huge logs 60 metres long and three metres in diameter were rapidly buried by 
sediment, causing them to decay very slowly. Silica deposits in the ground water eventually replaced 
all the wood, leaving perfect replicas of the original trees. The forest was uncovered in the Seventies. 








KRIRKIONCOCHOD0OOCdUKDCause tick paralysis from a salivary neurotoxin 


The formation of 
fossilised trees 


Why does wood turn to stone after 
thousands of years under water? 


Ancient vegetation like trees, plants and other organic 
matter can be preserved over many millions ofyears. In 
fact, entire fossilised landscapes have been discovered 
in recent times. You might wonder how wood can 
survive for all these millions of years, but the fact of the matter is, 
the wood itself has long gone. What remains are minerals that 
replaced the wood in the same shape, form and patterns. 























, 


1. Tree dies 
Say you havea lush forestsome 100 
million years ago, and the climate 
suddenly alters dramatically, killing 
the trees. Adead tree will fall to the 
ground, and in somecases a swamp 
will develop and cover up the tree, 
preventing it from decaying properly. 


2. Su 

If the tree is covered up quickly enough, 
it will maintain its original shape under 
the mud. As the cells in the wood begin 


3. Calcified 


to break down and deteriorate, they will When theswamp water 

become hollow. Theswampis richin evaporates, the minerals 4. Rock 

minerals (calcite and sillicon), and this will be left behind The properties of the original tree no 
calcium-rich water will seep into the where the old wood longer exist. Instead, a calcified (or 
spaces in the wood. once existed. petrified) rock log sits in its place. 


How to 
remove 
a tick 


Always consult a doctor if 
you are atall concerned 

abouta tick bite. However, 
it’s best to remove atickas 





do ticks 
suck blood? 


Discover how these little 






bloodsuckers make a tasty meal poorineceel eee 
of their warm-blooded hosts diseases aslyme disease 


You should avoid touching 
the tick, so it’s a good idea to 
use tweezers or wear 
protective gloves. Then, 
firmly but gently, take hold 
of the arachnid as close to 
theskin as possible and 


Ticks are extremely small parasites that feed on the 
}. protein-rich blood of other animals through a process 
called ‘hematophagy’. As they are arachnids they have 
* eight legs, the first pair of which features a special 
sensory pit called the ‘haller’ organ, which can sniff out prey. After 





finding a suitable host, the tick anchors itself to the unwitting victim 
using its claws as well as its spiny legs and the special sucker pads 
on its feet. To puncture the skin and get to the blood, the tick 

uses its two fang-like chelicerae, and then extends a long serrated 
proboscis called a ‘hypostome’. The hypostome makes it difficult to 
remove an attached tick as, like a fishhook, it’s covered with 
backwards-pointing barbs. The tick then sucks up blood until its 
body, also known as the ‘idiosomd’, is so bloated it can’t take any 
more —this can take several days. 


Speege ue 
This image shows 
atick filled with blood. 


Ticks can swell to many 
times their size after feeding 





© Science Photo Library 


pullitstraight out- don’t 
wiggle or twist, as the 
delicate mouthparts can 
break offin the skin. 
Once the tick has been 
removed, clean the area 
with antiseptic (soap 
and water will do) to help 
reduce the chance of 
bacteria and infection. 
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Works 
ENVIRONMENT 


The hydrological system 


Rain falling today has spent billions of years 


travelling between Earth’s clouds, oceans and ice 








The water, or hydrological cycle is the Earth’s water Some of this water runs into rivers and lakes and is carried 

recycling system. Since water rarely escapes the back to the sea. Water also seeps back to the oceans through 

planet or arrives from space, the water cycle keeps deep soil and rocks, becoming the Earth’s groundwater. Water 

rivers relentlessly flowing into the oceans and the falling as snow over the polar ice sheets can be buried, 
atmosphere supplied with clouds and rain. Without it, life sometimes for millions of years, until it reaches the sea via slow- 
simply couldn't exist. moving glaciers. 

The water cycle circulates water between the oceans and Water that stays in shallow soil can be lifted back into the 
atmosphere, sometimes via the land. When ocean water is atmosphere when it warms. Alternatively, plants may suck up 
heated, it turns into water vapour, which rises into the soil water through their roots and return it to the atmosphere 
atmosphere and is carried by winds. The vapour cools at some through their leaves. When animals eat plants, they take the 
point and forms clouds. Around 78 percentoftherain,snowand — waterintotheir bodies and expel itinto the air in their breath. 
other forms of precipitation falling from these clouds goes Humansare increasingly altering the water cycle on land by 
straight back into the ocean. The rest falls over the Earth’s building cities and flood controls, and capturing water for 
continents and islands. drinking, agriculture and industry. 














Loss from vegetation 
Plants contribute about ten per cent of 
the water in the atmosphere by losing 
water drawn from the ground through 
their leaves by transpiration. 





How the 


water cycle 
works 


Ocean water 
evaporation 
Ocean water is heated, 
evaporates and rises into the 
atmosphere as water vapour. 
The vapour cools as it rises 
and, at some point, condenses 
and forms clouds. 






Water 






processes inpiosionl 

2 _ where waterseeps 

explained into the ground 
rather than 

Condensation running across it. 

When you breathe on a cold window and Once in the ground, 

it fogs up, you're seeing condensation in the water stays in 


action. It’s the process by which water | . | Se a shallow soil layers 
vapour in the air turns back into liquid , ) | 
water when it cools down. Atmospheric 
water vapour condenses on salt, smoke 
and dust particles to form clouds. 


or moves deeper to form groundwater. Dry, 
loose soils on flat ground will absorb more 
water than steeply sloping hard surfaces or 
already wetsoil. 
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Ancient science Drop to drink Olympic deluge Earliest water Slow moving 


People first mentioned the Most people get water from Asmall thunderstorm 4 Liquid water may have existed Water can spend more 

water cycle around 2,000 rivers and lakes, which form can produce, on average, on Earth for 4.4 billion years. than 10,000 years 

years ago. One of the oldest just 0.014 per cent of the 2,000 tons of rain in just 30 The water in your glass is locked up in deep 

Hindu scriptures, the world’s water. The rest is minutes. That’s enough to almost as old as our planet groundwater or the polar 
j Chandogya Upanishad, said mainly in the oceans (96.5 per fill an Olympic-sized and significantly older than ice sheets, but just a few 
; “rivers... lead from sea to sea.” cent), ice or underground. swimming pool. the dinosaurs. days in the atmosphere. 


The Sun powers the water cycle, moving around 15.5 million tons of water through the atmosphere every second 


The River Indus is nowsome 
30 kilometres wide in places 


Snowfall 
Snow melts immediately or when 
the weather warms, but if it falls 
Water vapour transport on glaciers or ice sheets, it can be 
Around eight per cent of the water locked up for hundreds or even 
evaporated from the oceans is millions of years. 
carried over the land by winds 
circulating through the atmosphere. 








cycle lets us down 


Floods affect tens of thousands of people each year, asis 
evident from the devastating monsoon flooding across 
Pakistan in 2010. The flood, which affected some 20 million 
people, was the result of the heaviest monsoon rains inthe 
area for generations. On 8 August 2010 the River Indus burst 
its banks, sweeping away entire communities. While it’s 
normal for Pakistan to receive halfits annual rainfall 
(250-500mm) during the monsoon months of July and 
August, the country was reportedly bombarded with 
300mm on 29 July alone. The Met Office suggests several 
possible reasons for the unusually heavy rains, including 
changes to upper atmosphere airflow, active monsoon 
systems, and La Nina (El Nino in reverse). 


Serious floods, like those seenin 
Pakistan during July and August 2010, 
can cause catastrophic destruction 


Around 14 per cent of evaporation occurs over 
= land from lakes, rivers, ice and the ground. Ice 

also turns straight into water vapour without 

melting, a process called sublimation. 





© DK Images 


Water infiltrating into the soil can seep 
into the ground where it flows towards . 
streams and the ocean, or enters deep ) - 

underground stores called aquifers. , 











Runoff Evaporation ~—— Precipitation Transpiration 
Water flowing Wet clothes hung Precipitation is a catch-all term for Plants -like humans - 
down tarmac outside dry by water falling from clouds to the earth. aN breathe out water 
roads into evaporation, the : It covers rain, vapour, a process 
curb-side process by which snow, hailandso called transpiration. 
drains aftera liquid water on. Precipitation During transpiration, 
stormisan turns into happens when water drawn intoa plant’s rootsis 
exampleofthe |§vapourwhen water vapour carried to the leaves where it 
process of runoff. Rain that doesn’t heat energy breaks bonds between * condenses on evaporates. How much plants 
evaporate or infiltrate into soil or rock its water molecules. Soaking a T- —=—— airborne transpire varies depending on air 
also flows down small channels as shirt keeps you cool ona hot day eee particlesas temperature, humidity and 
runoff. The channels merge into streams because since evaporation uses up droplets. These grow bigger by, for incoming sunlight. Higher 
that, eventually, join rivers flowing heat energy from the air, it reduces example, collisions until they become temperatures and stronger 
downhill to the sea. nearby temperatures. so heavy they fall to the ground. sunlight mean more transpiration. 
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Warne 
ENVIRONMENT 


The &LMng&pHenemMenon explained 


What Is 


DIO 


The weather-altering 
phenomenon unveiled 


El Nino is the presence of warm surface water 
along the western coasts of South America 
(especially Peru), due to an altering of normal 
winds in the southern hemisphere. In an El 
Nino year, the trade winds that blow towards Australia 
either greatly reduce, die completely, or in extreme years 
even reverse. This stops the ocean current from pushing 
warm water towards Australia, and instead the higher 
waters on the Australian coast ebb back towards Peru. 
This increases both the sea temperature and level on the 
South American coast. The changes in the area also mean 
that the convectional uplift and resulting rainfall which 
normally occurs in Australia moves to the Peruvian coast. 

Scientists still struggle to fully understand El Nino, 
when it is coming and why it occurs. Each one is different 
and how the atmosphere reacts each time varies. Due to 
these varying conditions and irregularity, the cause of 
El Nino is not completely understood. While we know itis 
caused by wind change, little more is certain. 

El Nino occurs roughly every four to seven years and 
lasts on average between 12 and 18 months. However, in 
recent years it appears to be increasing in regularity. 
Closely linked with the El Nino phenomenon is that of La 
Nina. In La Nina years normal conditions of the Pacificare 
heightened, due to extra strong trade winds. This means 
the waters of Peru are much colder than normal, and the 
convectional rain of eastern Australia is heavier. 








Conditions Conditions 
during EINino during La Nina 
¢ Weaker or even * Colder than normal sea 
reversed trade winds water off the western 
© Warmer seawater in South American coast 
western South © Heavy rain and 
America flooding in Australia 

¢ Higher sea level on © Warmer than normal 
the Peruvian coast sea temperatures 

® More rainfall in South off the eastern coast 
America of Australia 

¢ Drier conditions in ® More tornadoes during 
Australia spring and summer 





Drier conditions during 
AW\\belonersbeu oe) celolucacnedaclerselt 
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“Scientists still struggle to fully 
understand El Nino, when It is 
coming and why it occurs” 


EI Nino vs normal Normal year 


Convectional uplift The Walker Loop 
Rainfall occurs where The air then returnsand 
warm, moist air rises, cools sinks, forming the 






Walker Loop. 


ice Budi es 


Trade winds blow 
vestwards, Diowing 
warm water with it 
cross the Pacific. 


Australian conditions EI Nino convectional uplift Peruvian conditions 
Due to the pressure of trade winds, Rising air also moves eastwards, Cool, nutrient-rich water is 
the water is about 50cm higher and causing convectional uplift and rainfall pulled up from below by the 


8°C warmer in Australia than Peru. at the Peruvian coast. 


EINino -—*— — 


year 


westward-moving winds. 


S 





EI Nino trade winds 


WB ecloCenteletcgetce)ele)a-ice)e) 
completely, orinsome years 
totally reverse. 
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EI Nino Australian 


conditions 
Conditions can become very dryin 
Australia, and even lead to drought. 


Increased convection 

As thewarm water travels eastwards, 
it creates more convection and 
therefore storms along the way. 


Sea conditions 

Due to the dropin winds thewarm 
sea water ebbs back from Australia, 
causing about a30cm rise in Peru. 


These satellite images show sea 
height during El Nino in 1997 


2. On the move 

The water across the Pacific 
becomes deeper, as the water 
from the Australian coast 
begins to travel eastwards 
towards Peru with the dying 
down of the trade winds. This 
isshown bythered strip. 


4. On its way back 

As the tradewinds begin to 
pick upagain, the water moves 
back from the Peruvian coast 
toits rightful place on the 
Australian coast. Thisis 
shown bythe red strip 
beginning to ebb westwards. 


EI Nino by satellite 


1. The beginning 

Thesea level is high off the coast 
of Australia, as you cansee by 
the red and white. Thesea level 
is low off the coast of Peru, as 
demonstrated by the blue. 


© Science Photo Libr 


3. The main event 

This diagram shows El Nino atits 
height. The sea at the Peruvian 
coast is far deeper than normal 
now the water has made its way 
across from Australia. Blue can be 
seen near the Australian coast, 
where the sea level is shallower. 


epee (ean SOyrs xucour300+ people per year 
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Hip 
jaw 


Why do these 
water-dwelling 
creatures open 
their mouths 


SO wide? 
Ahippo may 


oe open its mouth 
wide asasign of 
” aggression, 
similar to other animals such 
as lions and baboons. 
Opening their jaws shows 
others their fearsome set of 
weaponry: their teeth. 
Although hippos eat 
vegetation, they do not use 
their teeth to do so. Their 
giant canines and incisors 
are used only for killing. 
Instead, they use their huge 
lips to rip grass from the 
ground for consumption.A 
hippo is able to spread its lips 
through a jaw-dropping 150 
degrees and up to 1.2m (3.9ft) 
in width. The strength ofa 
hippo’s jaw muscles —a bite 
force of 1,800lb —is such that it 
can use its fearsome teeth to 
bite a crocodile, human, or 
even asmall boat in half. 


The skull of a hippopotamus 
contains tusk-like canines as 
long as your arm 


roar LLS decibels trncu4m GIStt) Max 3 tons 


Each ofa hippo’s 
two lips is about 
0.6m (2ft) wide 


Incisors 

Razor-sharp incisors 
can rip through the skin 
ofa hippo’s latest meal. 





AF \WVoTelge)e)e)iare! 
pAWebie)elenerstet-je)cars(eB Les 
gums to an enormous 
1.2m (3.9ft). 


Yawn 

The apparent ‘yawn’ of 

ahippoisactuallya : 2 > 

display of aggression ce WA | ; = ~ 

and alerts others toits : aa 3 “ =. . 
aggressive mood. 


Canine 
WMelenabrcscuiccrecbelia(ccteve-Batle)ele) 
are not only used as weapons, 
elbie-Viehicleskeagecel(cslatel| 
predators when displayed. 


—— 
a 
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bh 





ol 


Discover 
why this 
Sudden 
release of 
pressure 
can flatten 
cities and 
Spawn 
giant waves 


O40 





Even if you've never felt an 
earthquake, you'll know they 
can be devastating. Films like 
2012 feature ‘mega quakes’, 
where gaping fissures swallow people 
and buildings. Real-life earthquakes are 
less dramatic than those in the movies, 
but they’re still one of nature’s worst 
natural hazards. Unstoppable and 
terrifying, big quakes strike with little or 
no warning, flattening cities and killing 
tens of thousands of people. 

Most of the world’s earthquakes occur 
at the boundaries between the Earth's 
huge crustal plates. These boundaries 
are called faults, and the plates — of 
which there are 15 of varying different 
sizes here on Earth -jostle on the 
planet’s surface like the pieces ofa giant, 
floating jigsaw puzzle. In some parts of 
the world, these crustal plates grate past 
each other. In other places, they collide or 
are pulled apart. Faults break openas 


* 


- 


these rigid plates move and exert forces 


great enough to crush and tear solid rock. 


As the plates move about, the rock 
Slabs at either side of faults are dragged 
past each other. But rocks are jagged and 
uneven, meaning there’s lots of friction 
between them. This friction causes the 
rocks to become locked together. 
Pressure builds along the fault as the 
plates grind along, squeezing and 
stretching the rocks until, eventually, 
they break and lurch forward. Huge 
amounts of pent-up energy are 
unleashed, and it’s the resulting snap 
that is an earthquake. 

The point at which the Earth’s crust 
first breaks is called the earthquake 
focus. This is usually many miles below 
the Earth’s surface. The epicentre is the 
point on the surface located directly 
above the focus. 

The released energy speeds through 
the Earth in the form of shock waves. 





There are three main types of 
shockwave: primary, secondary and 
surface waves. Primary waves radiate 
fastest from the earthquake focus. 
Secondary waves arrive later and surface 
waves arrive last. The surface waves 
travel near the Earth’s surface, rocking 
the ground and causing the widespread 
devastation wrought by the largest 
earthquakes. People barely feel primary 
or secondary waves. 

The size of an earthquake is defined by 
its magnitude - this isa measure of the 
energy released. Magnitude isn’ta 
simple measurement of the relationship 
between earthquake size and energy. 
Increasing the magnitude by one 
increases shock wave size by ten times 
and total energy released by about 30 
times. So for example, a magnitude eight 
earthquake isa billion times more 
powerful than a magnitude two. Quite an 
unimaginable thought. 





















Lotta quaking The big ones Heart shaker Deadly waves Living dangerously 
Around 18 major earthquakes 2 ‘Mega quakes’ above Earthquakes can occur almost 2004's Indian Ocean tsunami Tokyo, Japan, lives with the 
and 20,000 smaller magnitude 10 are impossible - anywhere. The 1931 Dogger was among the world’s most constant threat of 
earthquakes happen every year no fracture in the Earth’s Bank earthquake was felt devastating natural disasters. earthquakes. Several quakes 
worldwide - that’s 50 surface is long enough to throughout the UK - a woman It killed at least 200,000 happen daily and a 
earthquakes greater than store the vast energies. The died of a heart attack anda people in 14 countries and had catastrophic quake strikes 
magnitude 4.5 every day. biggest ever was 9.5. church spire spun around. waves up to 30m high. about every 70 years. 
The Richter scale ts being replaced by g more accurate measurement, the Moment Magnitude scale 
Normal fault Reverse or Mountains 
The rock slab lying above the thrust fault Thrust faults are 
sloping fault line slides Slabs lyingabovethesloping commonin huge 
downwardsas the plates A fault line liftup alonga mountain ranges like 
separate. You get the same effect y > ~ reverse fault. Plate collisions the Himalayas, where 
removing the bookend froma | —_ “ pusharockslabupandover ‘wocontinental plates 
shelf of sloping books. a : ' “ . anotheralongathrustfault. arecolliding. 
. Split river 
This river basin has 
beensplitin two by the 
rock slabs on either side 
pesiieditetiens, Plates sliding 
horizontally 


Crustal plates can slide 
past each other, causing 
straight cracks called 
strike-slip faults. The two 
plates move horizontally 


in opposite directions 
along the fault line. 


Basins and ranges 
Steep mountain ranges and flat 
valley basins form where rock 
blocks are lifted and lowered by 
normal! faulting. Death Valley, 
California in the western United 
States isa good example. 











Plates colliding 
Crustal plates are colliding, pufting 
pressure on the Earth’scrust. As the 
plates slowly crunch together, the 
crust bends, folds and fractures likea 
car bonnetina crash. 


Plates moving apart 
Crustal plates are moving apart 
fracturing the Earth's brittle crust 
along fault lines - cracks where slabs of 
broken rock grind past each other. ; 
Inside the fault 
Inside California’s famous San Andreas 
Fault are small fractures, faults and 
pulverised rock. The fault is 30 to1,600m 
wide, 1300km long and around 16km deep. 


Pacific Ring of Fire 


The ‘Ring of Fire’ is a horseshoe of active volcanoes and 

earthquake zones encircling the Pacific Ocean. About 

oToleene)meL Orc H corse. Dale menle)ccnaatcbemsieokeje-luek onto) (er-belelers 

above water happen around the ring. It’s violently | 

active because crustal plates carrying the PacificOcean /i@ 
wv 


- ’ . , 
Adamaged footbridge Se ' 
over the Avon River -y \ 


are sliding under the encircling continents into the 
Earth’s interior. The crust is broken into many rigid 
plates, which drift across hot rock below. The grinding 
FValomeats)iauetme)maatckelecr- Deb enel ae tclms tow imp (0) cecremelen uae melcr- De 
the Pacific coast creates volcanoes and earthquakes. 


Key 

Colour scale: Ocean depth/land elevation in metres 
Red dots: Earthquake epicentres with a magnitude 
greater than or equal to 5since1980 

Yellow lines: Plate boundaries 


© Science Photo Library 


It’s interesting to note that 
earthquake damage isn’t directly 
related to magnitude. Deep, distant 
earthquakes shake the ground less 
than close, shallow earthquakes 
because the energy released at the 
focus has hada chance to disperse. 
Big earthquakes often cause longer 
tremors. For example, an earthquake 
in 1949, which had a magnitude of 7.1, 
shook the ground for 30 seconds, 
while a magnitude 83 earthquake in 
1964 lasted five minutes. 

The majority of the shuddering 
during an earthquake is caused by 
Rayleigh waves. These surface waves 
roll along, convulsing the Earth's 


crust. The ground heaves up and 
down and from side to side much like 
water waves in the ocean. 
Earthquakes can shake the ground 
violently enough to open large 
fissures but, unlike in the movies, 
these don’t crunch closed around 
people’s bodies and legs. 

Big, long-lasting surface waves 
created by large earthquakes can 
topple buildings, crack roads and 


buildings and even trigger landslides. 


Well-built, earthquake-proof 
buildings on solid bedrock usually 
suffer substantially less damage than 
urban areas built on loose debris and 
sediments. Water-saturated 


sediments can behave like quicksand 
when shaken, where loose grains 
move apart and flow like a liquid. In 
Niigata, Japan, 1964, earthquake- 
resistant buildings tumbled onto 
their sides when the ground 
underneath liquefied. 

The population faces additional 
hazards once the shaking stops. Fires 
break out where the ground 
convulsions sever gas and electricity 
lines or destroy flammable objects. 
Nearly 90 per cent of the damage in 
the 1906 San Francisco earthquake 
was due to fire. Lives can be 
endangered and rescue efforts 
thwarted by collapsed bridges, 
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burst water pipes, broken containers of hazardous 
chemicals and aftershocks. 

Aftershocks are the less powerful earthquakes 
following the main tremor, when faults shift and 
readjust after the release of energy and stress. You 
could think ofa tremor as the ground breathing a big 
sigh of relief. Major earthquakes are usually followed 
by several noticeable aftershocks within the first 
hour or so. The number of aftershocks drops over 
time. However they can happen months, years or 
decades after the quake. 

Undersea earthquakes can be as devastating as 
those on land, ifnot more. Fault movements can 
displace huge volumes of water, which crash to shore 
as killer waves called tsunamis. An undersea 
earthquake near northern Indonesia triggered the 
Indian Ocean tsunami in 2004-the world’s biggest for 


e)(xsalig= 


Anatomy of 
an earthquake 


“Tsunamis can reach speeds of 


970 km/h in the deep ocean 


at least 40 years. At least120,000 people in Indonesia 
alone were killed by the giant waves. Rescue teams 
cleared up bodies for weeks afterwards. The final 
death toll was over 200,000. 

Tsunamis can reach speeds of 970km/h (602mph) 
in the deep ocean, depending on water depth. As the 
tsunami races into shallower water, it slows down 
and can reacha mammoth 30m high when it hits 
shore. The first sign may be water rushing out to sea, 
sometimes beyond the horizon, leaving the sea floor 
bare. The sea pours back onshore as a series of 
towering waves ora rapidly rising tide. Warning signs 
such as these can save lives. A ten-year-old British girl 
saw the sea hurtling away from the beach ata resort 
in Phuket, Thailand in 2004 and warned her mother 
and staffthata killer wave was coming. She'd learned 
about tsunamis in schoola fortnight before. 


Surface waves 


The location on the Earth’s surface 
directly above the earthquake focus, 
which is the origin of the earthquake. 


News stories often mention the 
epicentre, not the focus, ofaquake. 


Fault line 

Faults are breaksin the 
Earth’s crust. The fault 
shownisa ‘strike-slip’ 
DUCen dalebetcbapaelebcarsts 
Fault in California, US, 
where two crust slabs 
slide horizontally. 


S-waves 


Surface 
waves 


© Science Photo Library 


Surface waves travel 
close to the Earth's 
surface and make the 
ground undulate like 
ocean waves. Almost all 
an earthquake’s 
destruction is due to 
Lhese waves. 


A 


Secondary waves 
S-waves lag behind 
P-waves and can only pass 
through solids. They move 
rock particles up and down 
or side to side at right 
angles to the direction of 
wave travel. 


Also called the 
hypocentre, the focusis 
the point within the 
Earth’s crust where 
rocks begin toslip and 
fracture along a fault. 
This releases energy, 
causing an earthquake. 


Primary waves 
P-waves can travel through 
solid, liquid or gas and are 
the fastest shock waves. 

WW ets\'geleljepaclecqel-ban (acc 
back and forth-likea 
slinky spring —in their 
travel direction. 





Moment magnitude: 4.9 
elicits eecmacctlisialiiacia ca’ 

being disturbed. Cracks may appear 

in walls. 
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Shock waves at the Earth’s core 


P-waves 
P-waves can travel 
through the core 


= 
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S-waves Weak P-waves 
S-waves can’t penetrate Some P-waves bounce off 
the liquid outer core the solid inner core 
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Rschktc ts rae ae es 
Richter magnitude: N/A 


Richter magnitude: 3 
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Canbe elton upperfloorsintall buildings. 


‘Amicroearthquakedetected by 
_ instrumentation. Barely feltby humans. 


SS. 


2.Great Chilean L.  . . 3. Kobe 
earthquake, is earthquake 
Chile, Japan, 1995 

The Valdivia or Great Chilean This quake is possibly the 

quake had a magnitude of costliest natural disaster to hit 

9.5, making it the most powerful one country. It caused more than 

ever recorded. US $100 billion of damage. 


1. Shensi Province 
Head we earthquake, 
to H CU d ; . ‘e More chenbees dre people died 


> +. } in this quake, which flattened 
iF . city walls and temples, and was 
felt 800km (500mi) away. 
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il Atechnician Laser to measure Satellite relaying 
The Parkf ield . cee: surface movement by data to US 
= bouncing beams on Geological 
reflectors The US Geological Survey, which 





Experiment 


Subject to an earthquake of magnitude 6.0 or higher on average 
every 22 years, Parkfield in California is one of the most 
seriously affected places on Earth for tectonic activity. Lying 
straight across the epic San Andreas Fault, one of the longest 
and most active faults in the world, the town has seen massive 
destruction since its formation in the 19th Century. So much so, 
in fact, that the United States Geological Survey has instigated a 
state-of-the-art experiment in Parkfield, to better understand 
the physics and potential of earthquakes. Take a look at the 
activities going on at Parkfield 


measuring ground movements. Nine 
seismometers sit in boreholes a few 
hundred metres underground near 
Parkfield. They can detect smaller 
earthquakes than surface instruments 
because they're less exposed to noise. 


to record 
magnetic field 
As the Earth's magnetic field alters before a 


quake, magnetometers measure changes 
in local magnetic fields. There are 


magnet located at seven Haitians in Port au Prince 
eiteteaihea = = marketplace after the 
devastating quake of 2010. 
— - "sre 
VIBROSEIS truck that probes 


the earthquake zone 

A14-ton truck is used to map rock layers 
underground without a hole being dug. The 
truck concentrates its weight ona short pole and 
shakes for several secs. Scientists record 
vibrations bouncing back to the surface. How 
thevibrations are reflected underground vary 
with rock typeand thickness. 


Near-surface seismometer to 
record larger shocks 

Seismometers can detect ground movements 
during earthquakes and turn them into electrical 
signals. The Parkfield region is bristlingwith 
seismometers, with 14 arranged ina T-shape 
around 1-2km across, monitoring how shock waves 
travel during earthquakes. 














"PARKFIELD 
Pon 3 , 


Ahilltop laser near Parkfield 
measures movement of the 
Earth's crust. Red and blue 

laser lightis fired at18 reflectors 
located several kilometres away. 
The system converts the time 

the light takes to bounce back 
into distance travelled. It can 
measure movements of 1mm over 
about 6k. 


; 










monitors natural hazards, 
constantly receives data from the 
Parkfield sensor network. 
Scientists can be aware of an 
earthquake within minutes. 
Sensor measurements are 
recorded on computer and 
transmitted to a satellite. There's 
no need tovisit the instruments on 
foot, except for maintenance. 


groundwater level 
Fluctuating groundwater levels 
can indicate that rocks are being 
squeezed or stretched. Monitoring 
pressure on rocks helps scientists 
monitor the risk ofan earthquake. 
Groundwater levels are monitored 
in eight wells around Parkfield. 
Water level, air pressure and 
measurements are made 
every 10 to 15 minutes. 


= a i — in water 
oa | ~ well to monitor 
8) 


Strainmeter 

to monitor 
surface 
deformation 
Strainmeters spot 
changes in the shape or 
size of rocks placed 
under pressure by 
movementsin the 
Earth's crust. They can 
detect the crust 
stretching by2.5cmin 
more than 25, m by 
monitoring changes in 
the volume of liquid ina 
borehole, or calculating 
the distance between 
two points. 


Arrows show crustal 
plate movements 
along the San 


Andreas Fault 

The Pacific plate and North 
American plate are grinding past 
each other ata rate of about3.5cm 
each yearalong California’s San 
Andreas Fault. At current rates, 
San Francisco will lie next to Los 


Angeles in 15 million years. 


Creepmeter to 
record surface 


movement 

Creepmeters detect fault 
movement by measuring the 
distance between two pillars 
standing at either side ofa fault. 
Measurements are made 
electronically by calculating the 
angle ofawire stretched between 
the pillars. There are 13 
creepmeters in the Parkfield area, 
with one in the epicentre of past 
Parkfield earthquakes. 
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Ice rivers uncovered 


Glaciersin Wrangell St Elias 
eel ateyerell Park, Alaska 


Discover the awesome 
Earth-shaping power 
of gigantic rivers of ice 


Glaciers are huge rivers or sheets of ice, which have 
sculpted mountain ranges and carved iconic peaks 
like the pyramid-shaped Matterhorn in the Swiss 
Alps. The secret of this awesome landscape-shaping 
power is erosion, the process of wearing away and 
transporting solid rock. Glacial erosion involves two main 
mechanisms: abrasion and plucking. As glaciers flow downhill, 
they use debris that’s frozen into the ice to sandpaper exposed 
rock, leaving grooves called striations. This is the process of 
abrasion. Plucking, however, is where glaciers freeze onto rock and 
tear away loose fragments as they pull away. 

Today glaciers are confined to high altitudes and latitudes, where 
the climate is cold enough for ice to persist all year round. During 
the ice ages, however, glaciers advanced into valleys that are now 
free ofice. Britain, for example, was covered by ice as farsouth as 
the Bristol Channel. 

You can spot landforms created by ancient ice. Cirques are 
armchair-shaped hollows on mountainsides, which often contain 
lakes called tarns. They’re also the birthplaces of ancient glaciers. 
During cold periods, ice accumulated in shady rock hollows, 
deepening them to form cirques. When two cirques formed 
back-to-back, they left a knife-edge ridge called an aréte. 
Pyramidal peaks were created when three or more cirques formed. 
Eventually the cirque glacier spilled from the hollow and flowed 
downhillasa valley glacier. This glacier eroded the valley intoa 
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“Glacial erosion involves 
gbrasion and plucking 


Briksdalsbreen, One of the 

best-known’arms of the 

Jostedalsbreen glacier 
> 4 


8. Snout 
The end of the glacier is called 


its snout, perhaps because it 
looks like a curved nose. The 


snout changes position as the 
glacier retreats and advances. 


2. Medial moraine 

A medial moraine is a debris ridge or 
mound found in the centre ofa valley, 
formed when two tributary glaciers 
join and their lateral moraines merge. 


U-shape, with steep cliffs called truncated spurs. When the 
glacier melted, tributary valleys were left hanging high above 
the main valley floor. 

Hard rock outcrops in the valley were smoothed into mounds 
orientated in the direction of ice movement. Rock drumlins are 
shaped like whalebacks, adopting a smooth, convex shape. 
Roche moutonnée have a smooth upstream side, and a jagged 
downstream side formed by plucking. Where valley rocks 
varied in strength, the ice cut hollows into the softer rock, 
which filled with glacial lakes known as paternoster lakes. 


Modern-day glaciers are 
found where it’s cold enough 
for ice to persist all year round 








1. Landscape n 3. Grand 
se Arch, USA : Supermountains, Canyon, USA 
wy & This delicate natural arch - Gondwanaland The Grand Canyon was 





, Earth’s third largest - is 
only 2m (6.5ft) thick at its 

® narrowest, but spans a 

whopping 90m (295ft). 


Nutrients eroded from a giant 
mountain range 600 million years 
ago may have helped Earth's first 
complex life to develop. 





® DrRon Blake 
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Ten per cent of the world’s land ts covered by ice, compared to about 30 per cent during the last ice age 


Spotter’s guide to lowland glaciers 
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glacier, you can see landforms made of debris To understand why the snout moves up and downhill, carved Va j ley 
dumped by the ice. The debris was eroded further up you need to see glaciers as systems controlled by 













the valley and transported downhill, asifona temperature and snowfall. On cold mountain peaks, ar POS fae Te ETE 
conveyor belt. Meltwater rushing under the glacier snow accumulates faster than the glacier melts. As ice 
sculpts the debris heaps. flows into warmer lowlands, melting begins to exceed ‘al , ; 

The snout is the place in the valley where the glacier accumulation. The snout advances or retreats pe ae lg SS sf Sesseeeesees 
melts completely. This changes over time. If the depending on whether inputs of snow exceed ice loss NOe, : 





glacier shrinks, it leaves a debris trail behind. Should from the system by melting. 


—°2 AW 


.* 1, Lateral moraine 
A Fe Lateral moraines are made from rocks that have 


fallen off the valley sides after being shattered by 
frost. When the glacier melts, the moraine forms 
=  aridgealongthevalleyside. 


3. Terminal or end moraine 
Anend moraine isa debris ridge that 


extends across a valley or plain, and J P ' . : 
marks the furthest advance of the glacier -* SS i seseseeeee! 













> and its maximum size. 3 4 7 : 
Roche moutonnée ae. 
; ras : 
; © = Paternoster lakes| 
seveevened 
An aerial shot 


of a glacier 


Erratics are boulders picked up 

by glaciers and carried, 

§ sometimes hundreds of 
. kilometres, intoareaswitha 
ey different rock type. 











glacier move? 


Glaciers can only move, erode and 
transport debris if they have a wet bottom. 
Polar glaciers are frozen to the bedrock all 
year round and typically move around 1.5 
metres (5 feet) per year, as ice crystals slide 
under gravity. In temperate climes like the 
European Alps, however, glaciers can slide 


These streams have a braided downhill at 10 -100 metres (30-330 feet) per 
shape because their channel year, due to the fact that meltwater forming 
becomes choked with coarse under the glacier during mild summers acts 

debris, picked up when the asa lubricant. 
stream gained power during 
periods of fast glacier melt. If meltwater accumulates under a glacier, 


the ice can race forwards at up to 300 metres 


. (990 feet) per day. During the fastest 
5. Outwash plain recorded surge, the Kutiah Glacier in 


4 ‘ial Outwach plains aremade of gravel, sand Pakistan sped more than 12 kilometres 
Arecessional moraine is leftwhena and clay dropped by streams of é : 

glacier stops retreating long enough for meltwater that rush from the glacier (7.5 miles) in three months. 

amound of debris to form at the snout. during the summer, or when ice melts. 
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eroded into the Colorado 
Plateau by the Colorado 
River, as mountain building 
uplifted the plateau. 
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How crocs employ this tactic 


Commonly misunderstood, the crocodile death 
}S rollis a unique method to feed off previously 
killed prey, not a method to kill them. The most 
famous user of the death roll is the Nile species 
of crocodile, common to the Nile River in Egypt. Here, 
crocodiles use their camouflage and speed to grab large 
prey and drag them into the water. Once there, the crocodile 
proceeds to drag the target underwater, holding it there 
until it drowns. Once the prey is dead, the crocodile then 
performs the death roll in order to tear large chunks of flesh 
offits body quickly and efficiently. To do this, it buries its 
large teeth into the creature’s flesh, before rolling its body 
360 degrees. The muscular force of the crocodile’s body in 
partnership with the sharpness of its teeth proceed to tear 
the prey open, something that would prove difficult within 
the water while stationary. 
nl =~ . 
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Marsh cro@ee® 
basking in thesun 


Whirlpools 


The often deadly vortex explained 


Whirlpools are formed by the rising and falling of fast- 
flowing water through ocean channels on the seabed. Due 
to this, tsunamis -—as seen in Japan in 2011-are major 
whirlpool creators, with their massive waves receding 
quickly away from the shoreline. If this massive quantity of water is f 
funnelled into narrow channels, a whirlpool can form, witha powerful © 
vortex sweeping water towards its centre in a downdraught. While 
whirlpools can be dangerous, with rare cases of people drowning in 
them, there have been no reported cases of boats actually being sunk & 





in theirvortices. 
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‘The crocodile death roll is a unique 
method to feed off previously killed 
prey, not ag method to kill them” 


¥ Crocedite,tantias Snakeskin / Whirlpools 


Aclose-up view ofa 
snake's shedded skin 





Why do snakes 
shed their skin? 


How and why do these ey 


reptiles moult so frequently? 


Snakes shed their skin for two excess heat, and so on) as well as an 


}. main reasons. The first is to inadequate food source can lead to skin 
facilitate continued growth. This damage and parasites. If left unchecked fora 
occurs as snakeskin does not grow 


long period of time in the wild, this would be 
in partnership with the snake itself, unlike in highly detrimental to the snake's well being. 
humans, where millions ofskin cells are shed 


By shedding its skin, the snake can mitigate 
each year continuously on a microscopic, these potentially damaging conditions and 
unseen level. On the contrary, snakes cannot 


start anew. 
shed skin in this microscopic way, Interestingly, however, the shedding 
necessitating them to literally outgrow the process brings with it complications. For the 
outer layer of skin whole on a frequent basis. week or two preceding the shedding, the 
The frequency that snakes shed their skin is snake’s vision is impaired due to the loosening 
largely dependent on the stage of life cycle of the skin’s outer layer, and the week or two 
they arein, with sheddings incredibly 


after the event, the new outer layer is soft and 
frequent during infancy and teenage years vulnerable to attack from predators. For this 
(bi-monthly in some species), but slowing toa 


reason, snakes tend to be overly protective 
couple of times per year as adults. around sheddings, and largely inactive if 
The second reason why snakes shed their possible. The snake initialises each shedding 
skin is to preserve their health. Poor living 


byrubbing itself against a sharp object such as 
conditions (lack of humidity, lack ofvegetation, rock, to pierce the outer layer ofskin. 
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. _ 1. Hurricane 


Head TORRENTIAL 





2. Acid snow NON-EXISTENT 3. Atacama 





Mitch (1998) The effects of acid — —~ desert 
to Heg d During Hurricane Mitch, precipitation falling as snow There is no record of 
4 America was soaked by can be more severe than rain having ever fallen 
EX tremes 127cm (50 inches) in a few rain. Rapid snowmelt in over some of the 
% : hours, causing mudslides spring can cause a shock of weather stations in the 
of rain oo and flash flooding. acidity to lakes and rivers. Atacama desert. 


BE AU UAT OLE MRI RIRIOCK DONG arENR Re Orimary culprit for naturally releasing acid rain-causing gases into the atmosphere 


Where does acid rain come from? 


We've all seen the effects of acid rain 3. Gases dissolve 
Upon combining with the water vapour (water and 


on limestone statues, but how does axygen)in the rain clouds, the gases react to form 


weak but potentially damaging acid. Sulphur dioxide 


this damaging substance form? from industry becomes sulphuricacid 





















Allrainwaterisa - . 4. Acid rainfall 
little bitacidic Acid rain 7 When acid rain falls it can 
‘ — - v damage plant life, infiltrate 
because the in action eae and erode 
carbon dioxide 2. Wind buildings and statues. 
present in the atmosphere The gases are carried on the 
dissolves in water and forms wind to higher ground, Oxidation of sulphur 





carbonicacid. Stronger acid towards rain clouds. 
rain, however, can damage 
stone structures and can also 
be harmful to crops, as well 
as polluting waterways. It 


and nitrogen 


forms in the atmosphere 

when poisonous gases Sulphur 
emitted by human activities dioxide (SO) 
combine with the moisture Thisis a by-product 


of heavy industry. 


Nitrogen oxides (NOx) 
These are released in car 
exhaust fumes. 


within rain clouds. 
Fossil-fuelled power 

stations and petrol/diesel 

vehicles give off chemical 


pollutants - mainly sulphur 1. Acidic gases 








dioxide (SO_) and nitrogen Sulphur dioxide and nitrogen KEY 
oxides (NOx)- which when oxides fromindustry and Blue: Nitrogen 
mixed with the water in the vehicles are released into Yellow: Sulphur 
air react and turn acidic. the atmosphere. © Red: Oxygen 
= i. ; ; : : : 
at is a mira e? How does this optical illusion bring 
m= invisible distant objects into view? 
Commonly seen in the desert or at sea, the Earth, the bent light rays can bring otherwise bring a distant object into view at a closer range. 
a mirage is an optical phenomenon obscured objects beyond the horizon into view Where the light would normally go to the ground, 
associated with light refraction. As above it, in line with the viewer. it goes up to meet the viewer's eyes. 
light rays pass from a distant object The ‘vision in the desert’-type mirage is known Conversely, ‘superior’ mirages can make an 
through one material and into another, their as an ‘inferior’ mirage. These mirages make image ofan object appear unfeasibly high offthe 
refractive index changes, whichaltersthespeedat objectsappearmuchcloserthantheyare,andlight ground. This occurs when a layer of cool air sits 
which the rays travel. This is known as ‘refraction’ coming from objects on the horizon will appear as beneath a layer of warm air (ie, over an area of ice 
and it causes the light rays to bend and change images down on the ground. They occur when the orvery cold water, such as the poles). Because the 
direction. So when light passes from a layer of groundisso hotthatitwarmstheairjustabovethe coldairnearthe ground is denser than the air 
denser cool air through to a layer of less-dense surface. Light rays passing from the overlying cool higher up, light is refracted downwards, bending 


warm air, refraction occurs. Duetothecurvatureof airthroughtothiswarmerairnearthesurfacewill thelightrays towards the viewer's eyes. 


How a mirage is formed. , Superior mirage 













Asuperior mirage appears 
highinthe sky, making the 
object beyond the horizon 
visible to the viewer. 
Seeing the invisible 
Due to ofthecurvatureofthe 
Earth, this village, whichis 
situated beyond the horizon line, 
is concealed from the viewer. a - . _ , 
een Bending the light 
Because the cold airnear the 
denser than the warmer air overlying 


from the object 
re rel acted. 


© Science Photo Library 
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Tsunamis explained 
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Naot the most epically accretive forces ¢ on 1 Earth, me 
tsunamis cause catastrophic levels of Carnage, we 
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unearthing trees, levelling buildings and ending life. 
Delve to the bottom 0 the fe pean ts Ke 
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ie es a a Tsunamis form througha 
: a complex, multi-stage 
— process that emanates from 
a | the massive energy release 
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of asubmarine earthquake, underwater 


or coastal landslide, or volcanic eruption. 


The first stage in this formation begins 
when the tectonic upthrust caused by 
the quake or impulse event causes 
massive amounts of ocean water to be 
displaced almost instantaneously. This 
action kick-starts a simple series of 
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progressive and oscillatory waves that 
travel out from the event’s epicentre in 
ever-widening circles throughout the 
deep ocean. Due to severe levels of 
energy propagated from the impulse, the 
waves build in speed very quickly, 
reaching up to an incredible 805km/h 
(500mph). However, due to the depth of 
water, the speed of the waves is not 
visible as they expand to have incredibly 
long wavelengths that can stretch 
between 96-192km (60-120mi). Because of 
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this, the wave amplitudes (the wave 
height) are also very small as the wave is 
extremely spread out, only typically 
measuring 30-60cm (11-23in). These long 
periods between wave crests - coupled 
with their very low amplitude - also 
mean that they are particularly difficult 
to detect when out at sea. 

Once generated, the tsunami’s waves 
then continue to build in speed and force 
before finally approaching a landmass. 
Here the depth of the ocean slowly 





Harbour wave Ancients Brakes Quick draw Monitoring 
In Japanese the word tsunami It was the Greek historian Out at sea tsunamis travel The first part of a tsunami to Due to their destructive 
. literally translates as ‘harbour Thucydides who first linked incredibly quickly, often reach land is referred to as a nature, tsunami-related 
wave’. Tsunamis are a frequent tsunamis to earthquakes. clocking up over 800km/h. ‘trough’. Here water along the activity is monitored by 
/ occurrence in Japan, with over However, their exact cause This speed slows as it reaches shore recedes dramatically in specialist observation centres 
195 recorded throughout remained speculative until the the shoreline, often being a mass drawback, exposing such as the Pacific Tsunami 
history so far. 20th Century. reduced to around 80km/h. normally submerged areas. Warning Center in Honolulu. 


The earthquake that generated the 2004 Indian Ocean tsunami was the fifth most deadly In history 


4. Approach 


Asthe tsunami waves approach the coastline ofa 
landmass they are slowed dramatically by the 
friction of their collision with the rising seabed. As 
thevelocity lessens, however, the wavelengths 
become shortened and amplitude increases. 


5. Impact 

Finally, with the wavelength compressed and 
heightened to large levels (often between five and ten 
metres), the giant waves collide with the shore 
massive damage. Thesucceeding outflow of 

water then continues the destruction, uprooting 
trees and washing away people and property. 
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1. Messina 
The Messina earthquake of 1908 








Tectonic upthrust in the triggered a large tsunami 12 
form of earthquakes and metres high that levelled entire 
ocean floor volcanoes buildings and killed more than 
cause vast quantities of The energy from the quakeorimpulse 3. Travel 70,000 people in Sicily and 
water to be displacedina causesa train of simple, progressive The wavelengths of the tsunami continue to grow, southern Italy. The earthquake 
very short space of time, oscillatory waves to propagate over with the waves’ periods (the lengths of time for that generated it measured 7.5 on 
generating a massive the ocean surface in ever-widening successive crests or troughs to pass a single point) ee niciter Seats ane eUsea Tae 
amount of energy. circles at speeds as fast as 800km/h. varying from five minutes to more than an hour. Poa Le Sane OE DEE Weel a0 


and 40 seconds. 
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Effect el 
2. The Valdivia 


Tsunamis initiate when an earthquake causes the As the tsunami reaches the shore the shallow, long and 
seabed to rupture (bottom centre), which leads to a rapid exceedingly fast waves pile up, reducing the wavelength earthquake 
decrease in sea surface height directly above it. and increasing their height dramatically. The Valdivia earthquake of 


1960 caused one of the most 
damaging tsunamis of the 20th 
Century. Thousands of people 
were killed by it and it stretched 
as far as Hilo, Hawaii. Measuring 
9.5 on the Richter scale, the 
earthquake caused waves up 
to 25 metres to assault the 
Chilean coast. The earthquake 
also triggered landslides and 
volcanic eruptions. 


The map shows the 30-metre 
tsunami wave generated by the 
Krakatoa Volcano explosion of 1883 


© NOAA 





begins to reduce as the land begins to 
slope up towards the coastline. This 
sloping of the seabed acts asa braking 
mechanism for the high-velocity 
tsunami waves, reducing their speed 
through colossal friction between the 
water and the rising earth. This dramatic 
reduction in speed - which typically 
takes the velocity of the tsunami to1/10th 
ofits original speed - also has the effect 
of reducing the length of its waves, 
bunching them up and increasing their 


amplitude significantly. Indeed, at this 
point coastal waters can be forced to 
raise as much as 30 metres above normal 
sea level in little over ten minutes. 
Following this rise in sea level above 
the continental shelf (a shallow 
submarine terrace of continental crust 
that forms at the edge ofa continental 
landmass) the oscillatory motions 
carried by the tsunamiare transferred 
into its waters, being compressed in the 
process. These oscillations under the 


pressure of the approaching water are 
then forced forwards towards the coast, 
causing a series of low level but 
incredibly fast run-ups of sea water, 
capable of propelling and dragging cars, 
trees, buildings and people over great 
distances. In fact, these run-ups are often 
responsible for a large proportion ofthe 
tsunami’s damage, not the giant 
following waves. Regardless, however, 
following the run-ups the tsunamis 
high-amplitude waves continue to slow 





3. Lituya Bay 

After an earthquake caused a 
landslide at the head of Lituya 
Bay, Alaska, in July 1958, a 
massive tsunami was generated 
measuring over 524 metres in 
height, taller than the Empire 
State Building. Amazingly, 
despite the awesome height 
of the tsunami, only two 
fishermen operating in the bay 
were killed by it. 
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* and bunch into fewer and 
fewer megawaves before 
breaking at heights between 
five and ten metres over the 
immediate coastline, causing 
great damage and finally 
releasing its stored energy. 

Due to the severe hazards 
that tsunamis pose, research 
into their causes and tracking of 
their formation has increased 
through the 2oth and 21st 
Centuries. Currently, the world’s 
oceans are monitored by 
various tsunami detection and 
prevention centres, suchas the 
NOAA (National Oceanicand 
Atmospheric Administration) 
run Pacific Tsunami Warning 
Center (PTWC) based in 
Honolulu, Hawaii. 

Set up back in 1949, the PTWC 
utilises a series of tsunami 
monitoring systems that 
delivers seismicand 
oceanographic data toitona 
daily basis, with information 
transferred to it and other 
stations by satellite connection. 
This is one of two American-run 
centres that monitors the Pacific 
Ocean and itis responsible for 
detecting and predicting the 
size and target of any 
approaching tsunamis. 


Atsunamiearly-detection 
_ buoy is removed from the 
ocean for maintenance 
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Tsunami prevention has also 
seen advances as construction 
techniques and materials have 
developed over the past 
century. Now areas that are 
prone to tsunamis, such as 
Japan’s west coast, are fitted 
with large-scale sea walls, 
artificial deep-sea barriers, 
emergency raised evacuation 
platforms and integrated 
electronic warning signs 
and klaxons in coastal resorts 
and ports. 

Areas that have been affected 
by tsunamis in the past are also 
fitted with physical warning 
signs and have specific 
evacuation routes that best 
allow for large numbers of 
people to quickly move inland. 
Unfortunately, however, 
despite many advances being 
made to ensure prone areas 
are protected and warned 
in advance, due to the 
transcontinental nature of 
generated tsunamis, remote or 
under-developed areas are still 
affected regularly, the 
consequences of which were 
evident following the 
disastrous 2004 tsunamiin the 
Indian Ocean that claimed over 
200,000 lives. 






“Due to severe levels of energy 
propagated from the impulse, the 


Sey eh@ 8S .9— waves build in speed very quickly” 


Tsunamis explained 






The DART Il tsunami 
detection system 


Introducing the system and technology that aids 
scientists in detecting upcoming tsunamis 
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The system's buoy floats on the surface of 

the ocean and monitors upper level 
conditions. In addition to this, it alsoacts 
as a data relay for its own and theseabed 


monitor's recorded information, it 
to the system’s satellite. The is 
anchored in place with dua! 
a weights, attached to its submerged 
4. Satellite 
Information from thesurface 
buoy and monitor is relayed to 
the satellite, whichin turn 
directs it down to the area’s 
tsunami observation and 
research centre. 
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5. Ground station 

Scientists at the ground station then interpret 
the data and convert it into computer models. 
If the information leans towards the 
probability ofa possible tsunami a warning 
issent out to the area’s government, 
emergency services and the public. 





3. Sensors 

In addition to pressuresensors 
attached to the ocean floor, 
tsunami detection systems also 
include numerous other sensors for 
monitoring its surrounding 
environment of which the causes of 
tsunamis can affect. These include 
surface water temperature and 

= conductivity, air temperature and 
humidity and wind speed. 





» 1. Monitor 
The first partof thesystem isa 
monitor on the seabed that 
records the sea pressure every 
couple of minutes. Any unusual or 
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The devastated Marina beach 
in Chennaiafter the Indian 
Ocean tsunamistruck 


Atsunami emergency 
evacuation platform i 


Japan 
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The 2004 tsunami released 1,502 times the er ergy al hs Hiroshima atomic bomb 


Claiming the lives of over 
200,000 people, the Indian 





Ocean tsunami of 2004 

was literally off-the-scale 

in terms of both damage 

and destruction 

On 26 December 2004, an undersea 30km (19mi) below the area’s mean sea total of 1.1x10’ joules of energy. This around the earthquake zone witha 
megathrust earthquake caused a huge level. Here, a massive rupture in the level ofenergyreleasewascomparable multi-beamsonarsystem, it revealed 
earthsubduction and triggeredaseries ocean floor caused massive tectonic to 263 megatons of TNT, over1,502 that it has drastically altered its 

of devastating tsunamis that ravaged plate movement - an event felt as far times the energy released by the topography. The event has caused 
almost all landmasses bordering on away as Singapore — as well as the Hiroshima atomic bomb. Indeed, the 1,500m ridges to collapse into massive 
the Indian Ocean, killing over 230,000 creation of numerous secondary faults rupture wassoseverethatthemassive landslides kilometres long. The 

people in 14 different countries. The that elevated the height and speed of release of energy was So greatitslightly | momentum ofthe water displaced by 
hypocentre of the main earthquake generated waves to titanic levels. altered the Earth's rotation, causing it tectonic upshift had also dragged 

was approximately 160km (100mi) off The fallout fromtheearthquakeand towobbleonitsaxis by up to2.5cm. massive million-ton rocks over1okm on 
the western coast of northern Sumatra resulting tsunami was the worst for Further, when the British RoyalNavy _theseabedandan entirely new oceanic 
and emanated from the ocean floor over 50 years, with the eventreleasinga vessel HMS Scott surveyed the seabed trench had been exposed. 
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~ After 


AnIkonos satellite taken on 29 December 2004, 
three days after the tsunamistruck. As can be seen 
now, almost all of the immediate coastline was 
completely submerged and the huge, lush plains of 
vegetation have been severely encroached uponand * 

washed away. Many buildings have also been 5 ~ 
submerged or destroyed. 
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Before 


AnIkonos satellite image of part of the northern 
coast of Aceh province, Sumatra, Indonesia before 
the 2004 tsunami struck. As shown, the landis 
covered in lush green vegetation and is modestly 
populated with buildings. 


a SS eae ee 






































052 


Social networks 
What goes on behind the 
scenes of your favourite 
social media sites? 


Paypal 
Discover how 

to make secure 
online payments 


Manufacturing 
optical fibre 

Discover the hi-tech 
production process behind 
making fibre-optic cables 


Hairdryers 

How can this domestic 
appliance generate hot air 
almost instantly? 


Coin-operated 
vending machines 
How do these automated 
machines accept currency 
accurately? 


Photocopiers 

The essential office 
equipment capable of 
reproducing images 


Lighthouses 

What's inside this isolated 
building and how does it 
warn Sailors? 


MRI 
scanners 


How can 
magnetism be 
used to image the 
human body? 


Touch screen tablets 
Currently the gadget of 
choice for many, how do 
tablet computers work? 
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Central heating 
The technology that heats 
your home explained 


Laser eye surgery 
What is involved when 
corrective eye surgery is 
performed on patients? 


Electric guitars 

How plugging your guitar 
into the mains makes it 
sound amazing 


Pressure 


cookers 
Creating meals 
with the power 
of science 


Metal detectors 

Seek out metallic treasures 
using one of these mind- 
blowing devices 


Water filters 

How do these purifiers help 
you enjoy water without 
the impurities? 


Espresso machines 
Discover how to makea 
perfect espresso at home 


Motion-control 
gaming 

Discover how videogamers 
are now using their bodies 
to control their games? 
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Shopping online 

The technology that enables you 
to buy your groceries over the 
internet 


Lighters 
Create fire in an instant with this 
clever little handheld device 


Bathroom scales 
Discover how bathroom scales 
can reveal how much you weigh 


Sewage works 

The complex system that 
transports waste away from your 
bathroom 


Communication 


cotegones 
explained 
Computing 
~ 
Electronics 
Gadgets 
Engineering 
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Beer pumps 
Find out why there 
isa whole lot more to 
getting a frothy head 
on your beer than 
you might think 


Seismographs 

How can the magnitude 
ofan earthquake be 
measured bya device 
located miles away? 


Toilets 

Learn how that ingenious 
flush mechanism on your 
loo works 


Domestic 





Entertainment 


Medical 
General 





Renewable 
energy 


Stealth rave alate) ee) 


Renewable energy 
The alternative solutions 
to creating power without 
depleting fossil fuels? 


Can openers 

Simple yet effective, the 
gadget that can release 
the beans 


Artificial hips 
How these prosthetics 
bring relief to hip pain? 


Pianos 
A percussion instrument 
that’s full of strings 





Laser eye surgery 


Fridges 

How does this 
kitchen appliance 
keep things cool? 


The London Eye 
What powers London’s 
famous landmark? 


Stealth 
technology 


The phenomenal 
machines capable 
of staying offthe 
radar 
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WORKS 
TECHNOLOGY 


Discover the technical side of the social 


7 


media sites that keep us connected 
with friends around the world 


At the heart of many social 
networking platforms, 
suchas Facebook, isa 
software tool called the 
Application Programming Interface 
(API). This enables multiple 
communities of users to create an open 
architecture for sharing data (including 
photos, tags, events and so on) between 
communities as well as other 
applications. Content created in one 
place can be posted and updated in 
numerous locations on the internet, 
creating a web of dynamicinformation. 
Atthe core of this web is a set of 
rules and specifications that the 
social network’s software (ie the 
network’s web pages) can liaise with 
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in order to transmit and share 
information. In essence, the rules 
dictate the structure of the social web 
around a user (and accessible by 
them), granting permissions and 
access, as well as dictating 
information relevant to them (their 
friend’s photos, pages, and so on). 

For the rules to work - certainly 
when they are operating based on 
Hyper Text Markup Language (HTML, 
the building block code of any 
webpage) - each point on the social 
network’s web must be represented 
as an ‘object’ with a unique ID code. 
For example, on Facebook your profile 
page is an object with a unique code. 
Therefore, if another user wishes to 
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view your profile, to do so they must 
acquire that code - as dictated by the 
network's rule-base - in order for the 
connection to take place. This is 
facilitated by Facebook’s software 
interface, allowing that person to 
click on your profile link to fetch that 
object. This is also why people who 
have not been granted permission to 
access a person’s full details (ie, they 


are not ‘friends’) cannot see that data. 


Their relationship on the social 
graph, as dictated by the API's rules, 
does not allow them to fetch that 
object, as they have not been granted 
an ‘access token’. 

Everything ona Facebook page -be 
it photos, events, news, comments or 


links -are classed not only as objects 
by the API, but are instead directly and 
indirectly connected by the social 
graph. Furthermore, there are various 
different types of connections for 
various objects, ranging from movie 
choices and audio/video tags through 
to groups and news feeds - each 
linked by the API's rules across the 
social graph (ie the map by which all 
users are connected). 

Where Facebook’s system gets 
really smart is in its utilisation ofan 
object/connection ranking formula 
referred to as EdgeRank, an 
algorithm that charts all interaction 
between objects, and ranks them 
accordingly. So, for example, if you 


Real estate Followers $50 bilion My decline Tweets 
5 TO PP Social network giant Facebook Pop star Lady Gaga Following investment In the first half of 2010 it was As of 1 January 2011, it was 
is currently building a data currently holds the record from Goldman Sachs and a estimated that visits to estimated that 110 million 
FE, yA {" TS centre in Oregon, USA, for having the most Twitter wealthy Russian investor, it MySpace halved from tweets were posted to 
measuring 307,000 square followers, with over eight has been estimated that 10 million to 5 million, as social Twitter every day from the 
SOCIAL feet; the scale of the building million people tracking her Facebook is worth a whopping networking rival Facebook 200 million registered users 
NETWORKING has doubled in the past year. regular updates. $50 billion. grew in popularity. on the site. 





ED ARLE Focebook experiences roughly 2,000 photo uploads every second — that's just short of 173 million per day 





Paul Butler, anintern at Facebook, 
created this map of the world using only 
the connections between friends on the 
social network. Without using the map 
of the world as a template, the 
connections gradually began to show 


— 

a 
- —_ 

é 


> 


Brightness 

The brightness ofan area 
depends on how many 
peopleina given cityare 
friends on Facebook with 
people from the same ora 
different region. 


facebook 


Facebook map 





on Facebook with their friends in other cities 


the borders of countries, continents and 
coastal lines. 

The effect works by a sample of 
10 million random pairs of friends being 
taken from the Facebook database. 
Linking them to each other’s city and 


calculating the number of friends 
between those cities gives a brightness 
intensity of how many connectionsa 
specific region has to another, some 
intercontinental and some within the 
same country. 


Connection 

The lines connecting two points 

arecurved toshow the shortest 
__ route between them, duetothe 
 curvatun of the Earth. 
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Lines 

The more lines emanating from a 
city, the more connections it has with 
other cities throughout the world. 


This map of the world was created by linking people 


The outline of the world shows the 
connections between users of the social 
network, giving a clearly identifiable 
map of Earth. Countries such as China 
and Russia are almost invisible, witha 
very small Facebook userbase. 


Absent 

Large parts of Asia and 
Africa, as well as several! 
other countries, are almost 
entirely missing from the 
map, as they have a low 
Facebook presence. 





“The Application Programming er base area memiber ofa social network [fweruatch his stat 


Interface dictates the rules and 
structure of the social graph” 


have an event in your Facebook 
news feed (which is referred to as 
your ‘wall’) and a fellow user 
interacts with that object (ie, they 
click its link, leaving a comment ora 
‘like’ or ‘dislike’ message), they 
create an ‘Edge’. 

Each Edge/interaction consists of 
three components vital to Facebook’s 
algorithm: affinity, weight and time. 
Affinity is dictated by the frequency 
of interaction between two objects, 
characterised by two close friends 
who leave daily comments on each 
other's wall. Weight refers to the level 
ofinteraction, with comments and 
direct messages carrying more 
significance than a ‘poke’. Finally, the 
time factor of an interaction degrades 
over time, so ifa user interacted with 
another three months ago, itis less 
significant than ifthey did so 


yesterday. These three components 
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system called memcaching, which 
offers smoother user-side accessing 
and fetching of any object (the data 
is stored in vast data centres across 
the world). Memcaching is a kind of 
‘balancing system’ where commonly 
used data is stored in a user's PC's 
fast-to-access RAM memory, to 
reduce the number of times the 
website needs to call on the back 
end data centre. 
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More than 100 million photos are uploaded to Facebook every day and 99 


per cent of people using Facebook have uploaded at least one photo. 
People celebrated New Year 2010 on Facebook by uploading a record 750 


million photos over that weekend. 
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Paying online with confidence 






a 
so? 


a \ 





PayPal works by utilising thousands of 
separate servers running the Linux 
operating system, literal ‘blocks’ of 
servers that can be redistributed to 
perform different tasks in tandem with one another. 
These thousands of servers connect with an offline 
database of customer information to transfer data 
back and forth between payee and recipient. 
However, the servers don’t share information with 
each other, so anyone trying to break into the system 
would have to scour the heavily encrypted servers 





Your payment options 


by 


1. Method 
PayPal accepts many different types of payment method, 
from cheque to credit card. The type of payment affects the 


amount of interchange fees that are paid and processing time. 
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Pay online without revealing 
your credit card details 


The technology 
behind these secure 
online payments 


one by one to piece together the relevant data. This 
separation of the servers allows PayPal to remain 
secure while quickly processing the millions of 
payments it receives, as itwould be almost 
impossible to obtain access to the different servers 
simultaneously to gather data. 

The process is best shown through a step-by-step 
transaction. When a product is bought, the 
buyer - who has supplied PayPal with their bank 
details —- authorises a transaction via credit card or 


cheque to debit their account for the purchase price. 


PayPal sends the money 


YOUR 
SECURE 
PAYPAL 


ACCOUNT 


2. Interest 


PayPal makes money by accruing interest 
on banked payments, as well as direct 
fees charged according to an item’s value. 





“Anyone trying to break into the 
system would have to scour the 
encrypted servers one by one” 





Aserveris a computer dedicated to linking 
other computers or electronic devices together, 
which in large companies tend to operate in 
banks (groups). 


Interchange 


Interchanges are small fees charged by banks 
and companies involved in a transaction, in 
order to facilitate their processing. 


Linux 
An operating system (like Windows or iOS) used 


extensively worldwide in servers and 
supercomputers, due to its speed and security. 


This transaction is handled directly by PayPal, 
which contacts the seller’s bank, credit card 
association and card issuer, paying the various 
interchange fees necessary to process it. The seller's 
money is then deposited into a dedicated PayPal 
account. This process is mirrored for the merchant, 
but is processed on a completely separate server for 
security reasons. Finally, after a set period of time, 
the money is transferred to the buyer’s account in 
another completely separate transaction across 
another server. 


Recipient receives the money 








3. Exchange 

PayPal payments are not restricted just to online stores 
and auction houses, with people able to directly wire 
funds to any other person with an email address. 





Manufacturing 


The first hairdryer 





optical fibre 


How does a large glass cylinder become a 
tiny thread of flexible glass? 


The tiny filament of glass at the core 
ofa length of optical fibre starts out 
as two tubes. These tubes are made 
= from fused quartz glass, whichis 
mainly silica and gives it flexible properties. 
First the glass tubes are dipped in corrosive 
hydrofluoric acid to remove any oily residues, 
they are then placed ina pair of lathes that spin 
and heat both tubes with a hydrogen and 
oxygen flame. When the tubes turn white they 
are nearing peak temperature and at 2,000°C 
the tubes melt together to form one longer tube. 
This longer tube is placed in another lathe 
where it is turned and heated by a burner 
before being injected with chemical gases 
containing liquid forms ofsilicon and 
germanium. The heat and gases cause a 
chemical reaction that leaves a fine white soot 
inside the tube. As the burner travels up and 





Optical cladding 

Protecting the inner glass core ts another 
layer of glass that has a lower refractive 
index than the core. The whole glass 
element is 125 micrometres across. 


Inner core 

The glass component of optical fibre 
is highly refractive, causing total 
internal reflection. This core measures 
just eight micrometres across, about 
the size of a human hair. 


Total internal 
reflection 

The high refraction 
of the glass core and 
the low refraction of 
the outer jacket trap 
light in the core of 
the fibre so that little 
to no light is 
absorbed. This is 
called total internal 
reflection. 


— 






Temperatures up to 
2,000 C help create 
the glass fibre _ 





© Science Photo Libra 


down the length of the tube the soot fuses to 
create a solid glass core. The outer glass tube 
will form the cladding around the core. 

Continued heating softens the tube and the 
new glass inside until the tube collapses in on 
itself. What you now have isa solid rod calleda 
preform. To thin the preform, it is placed 
vertically in a drawing tower. This device heats 
one end of the rod to 2,000°C until the glass 
softens and becomes a honey-like consistency. 
As the glass melts it stretches under its own 
weight and becomesa very tall, thin glass fibre. 

Pulleys and lasers are used to measure the 
precise tension and diameter of the fibre, 
which should be just 125 micrometres thick. 
The fibre is then passed under an ultraviolet 
lamp to bake on a protective outer jacket. The 
finished optical fibre is then rolled onto 
massive drums. 


Plastic jacket 
This layer is the last line 
of defence against 
damage - such as 
scratches — to the fragile 
internal contents. This 
brings the total diameter 
of the fibre up to 400 
micrometres. 


Protective buffer 

A resin coating is baked on to 
protect the delicate glass thread 
within from moisture damage. With 
the addition of this layer, the 
diameter is now 250 micrometres. 


. 
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Inspired by the early vacuum cleaner, in1890 French 
inventor Alexandre Godefoy invented the electric 
hairdryer. He noticed that the sucking motion ofthe 
vacuum cleaner could also be used asa time saver in 


the beauty department. Vacuum cleaners may be 
used to suck up air and dust, but they also havea 
warm exhaust (heat from the motor), which Godefoy 
identified as a method of drying hair. 







Be warned: hairdryer 
results mayvary 
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How do these domestic ope 
clcetlnak-Dapbersirbelme)tslcime)malelmsnoars 


™ The main parts ofa hairdryer are a motor- 

driven fan and an electrically heated element (a 
(=) very long wire coil with resistance). The 
meme =)(<)ee(sJolm@eccr-lecRUlonyWelcvek-Ven=) (sang kableccielmileiic 
through it, because electrons bump into the metal atoms in 
the wire, increasing the vibrations of these atoms. When air 
from the fan blows through the barrel, the element radiates 
heat that warms the air up. The hot air passes out through 
the open end of the dryer (the nozzle), and the user can then 
direct this hot air onto their hair to speed up the 
evaporation of water from the surface of the hair. # 





\ foyard (=) 


This is the open end through 
which the hot air escapes. 


Fan motor 
Electricity enables the electric motor 
to spin, which powers the fan. 


Wire screen filter 

At both open ends are filters to 
prevert lint and dust from 
clogging up the motor as airis 
sucked in from the back end, 


(resistor) 

This nichrome wire coil 
heats up when electricity 
flows through it, because 
the motion of the 
molecules inside speed up. 


«————- Switches 
Modern hairdryers 

have an on/off switch, 

an air speed control 

and temperature 
regulators. 


An electrically powered 
fan blasts air down the 
barrel of the hairdryer 
over the heated 
element. 


Power source 


Ono 





WORKS 





TECHNOLOGY 





Coin-op vendors / Copying machines 


Coin-operated_ 
vending machines 


How do they recognise the 


money you insert? 
Coin-operated vending Once through the 
machines work by electromagnetic field, the travelling 
detecting inserted coin must then cross the reject 
coins through physical chute to be accepted by the vendor. 





and electronic mechanisms. When 
a coin is inserted into the vendor's 
slot, it travels down a specially 
angled chute. Itis angled to 
generate a set amount of 
momentum for the travelling coin. 
The currency then passes through 
an electromagnetic field generated 
by an electromagnet that 
surrounds the chute, generating an 
electronic signature according to its 
chemical composition. If this 
signature doesn’t match one ofthe 
vendor's computer's known set of 
signatures (the different coin 
values) the coin is not logged by the 
system, but rejected. 






To do this, the coin must be 
travelling at the correct momentum 
as dictated by the chute, with coins 
travelling too slowly or quickly 
stopped with physical barriers. 
This ensures that only official, 
known currency is accepted - coins 
which are too light, too heavy or too 
big or small are physically stopped, 
as they do not travel down the chute 
at the pre-designed speed. If coins 
pass both checks, they are logged 
and accepted by the vending 
machine and function accordingly; 
if either check fails, however, the 
coin is rejected and sent downa 
second chute for collection. 


Modern vending machines can 
accept banknotes and credit 
cards as well as coinage 


Coins must travel at 
the right momentum” 





{ express 


Z f 
Physics express 
Regardless of the coin’s 
signature, inserted coins must 
then pass over the reject hole. 
To do this, the coin’s size and 
forward momentum must be 
consistent with that of the 
design of the machine. 


Electronics 

inserted coins then pass through an electromagnetic 
field, creating a distinct electronic signature 
according to their metal composition. 


Coins 
Coins vary in weight, size and 
chemical composition. When 
they are inserted into the 
machine, they proceed down a 
specially angled chute. 


Duds 

Foreign, forged or non-currency 
is therefore either rejected on 
chemical grounds (its 
electronic signature) or 
physical grounds (its weight 
and size) and sent downa 
reject chute for collection. 





How co ies 2. Toner applied = 
Negatively charged toner 
are made === Photocopiers 
ee the minha: i 
1 Positive charge and masesonthe FT ow do these common office 


document to be copied and on 
to a positively charged drum. 







instalations duplicate pages? 
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4. Heat 
The paper is passed 
through heated 
rollers to fuse 
the toner to the 
paper and create 
a photocopy. 
3. Blank paper 
A blank sheet of paper is 
positively charged and attracts 
the toner on the drum. 


O60 





The method employed 
by most modern office 
photocopiers is 
xerography — using 
electrostatic charges and heat to 
print the required image on 
paper. The device uses light 
(hence the ‘photo’ in photocopier) 
to increase the electrical 
conductivity of certain 
substances. Selenium, whichis 
usually a poor electrical 
conductor, is often used asit 
allows for the free flow of electrons 
in an electric current when lightis 
incident upon it. 

Inside the copier isa drum 
coated ina substance such as 
selenium. As light passes 
underneath the document to be 
copied, itimprints the image on 
the document onto the drum 
using negatively charged ink 
knownas toner. More electrons 


flow where the light reaches as 
they are not blocked by text or an 
image, and vice versa, altering 
the pattern ofthe ink onthe 
drum. A blank piece of paper 
witha positive charge attracts 
these negative ink particles 
back from the drum, which are 
then fused onto the paper with 
heat to produce a copy of the 
original document. 





’ 


use a photocopie 


Fame Academia War Tallest Elemental 
5 TO Pp The builder of the Lighthouse The technical term for the George Meade built many The tallest lighthouse in the Originally lighthouses were lit 
of Alexandria, Sostratus - study of lighthouses is notable lighthouses in the US world is the Yokohama Marine merely with open fires, only 
FE, yA {" TS disobeying orders from the ‘pharology’, a word derived during the classical lighthouse Tower in Yokohama, Japan. later progressing through 
pharaoh Ptolemy - engraved from Pharos, the island upon period. He is remembered in The structure flashes candles, lanterns and electric 
L T & HT H 0 U [= ES his name and a dedication to which the great Lighthouse of history as the winning general alternately green and red lights. Lanterns tended to use 
the sea gods on the tower base. Alexandria once stood. in the Battle of Gettysburg. every 20 seconds. whale oil as fuel. 











TOTTI KEK WSKKDKXKiKREDDOSGOEOPHAlexandria on the Pharos Island, Egypt, could be seen from 30 miles away 
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= eel . . 
_ A fixed Fresnel 
’ y lens withoutits ie —_ - rresne sens 
outer shell Fresnel allows for a light source to 


es amplified way beyond its standard imitable 
ability in a certain direction and done so with 
fewer materials than a conventional spherical 
lens. It achieves this by redirecting light waves 
through a series of prisms arranged in a circular 
array, with steeper prisms at the edges and 
flatter ones near the centre. 










Including some of the most 
impressive man-made 
structures in the world, 
lighthouses have played 

a pivotal life-saving role 
throughout history 


Lighthouses work by rhythmically flashing 
a rotating light in order to transmit a visual 
signal to surrounding vessels. This is done 
so that conditions that provide poor 
visibility can be mitigated by approaching sailors, 
allowing them to safely manoeuvre while close to the 
shore. The individual pattern of flashes or eclipses - 
referred to as the light’s character - determine the 
transmitted message and these can range from collision 
warnings to weather reports, directional guidance to 
the position of other vessels and structures. The breadth 
and types of characters a lighthouse can use is 
determined by the International Association of 
Lighthouse Authorities in Paris. 
Lighthouse construction emanated from the 
practice of lighting beacon fires upon hilltops, 
something first referenced in Homer's Iliadand 
Odysseyin the 8th Century BC. However, it was not 
until 280 BCE, when the architect Sostratus built the 
Great Lighthouse of Alexandria on the island of Pharos, 
Egypt, that man-made lighthouse structures began to 
be built across the entire globe. Since then the style and 
complexity of the structure, light source and fuel has 
changed greatly, with intricate designs formed 
dedicated to advancing the light-saving technology. 
How It Works takes a closer look at a classical lighthouse 
and its constituent components. 


















Light source | 
Early lighthouses used open fires and large | 
candies to create light. During the classic 

period of lighthouse usage, lanterns | 
burning animal oils were common. Gas 

lamps were also used around the turn of | | 





the 20th Century. Modern lighthouses use 
electric lamps and bulbs. 


Rotational crank/ 

machi 

The rotational ability of the lamp was 
classically generated by a hand crank, 
which would be wound by the lighthouse ; 
keeper up to every two hours. In modern | a | 


lighthouses the lamps are powered by I, 
diesel electric generators. I, 


TL 










TW 
eit (i 





Till 


Lun# 6 








Tower 
Lighthouse towers are usually either 
built onshore or directly on the 
seabed. This is best shown in the 
caisson method, where an open- 
ended cylinder is sunk and filled with 
concrete to form a solid base. 
However the latter is less common 
due to the erosion suffered by sea 
waves. Towers have a distinctive 
shape and colour - often a top- 
tapered, white tower - to help sailors 
identify them. Within the tower it is 
also common to find the lighthouse’s 
service room, the place where the 
fuel/generator is kept. 


Wi 
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Lantern room 
Arguably the most 
important aspect of the 
lighthouse, the lantern 
room is the glassed-in 
structure that sits at the 
pinnacle of the tower. 
Commonly, lantern rooms 
are fitted with storm panes 
and metal astragal bars in 
order to withstand the 
harsh weather conditions it 
is exposed to, as well asa 
ventilator in the roof to 
remove any smoke and 
heat caused by the lamps 
within - obviously, smoke is 
not an issue with electric 
lamps. Lantern rooms are 
often surrounded by a 
gallery, which is used for 
cleaning the windows. 


Gallery 

The gallery is the 
lighthouse’s circular, 
external platform that is 
often wrapped around 
one or two levels. It is 
used for human 
observation and also as 
a maintenance platform 
for cleaning the lantern 
room’s windows. 


O61 


“Physicists and engineers 
use and manipulate the 
basic laws of physics” 
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Best of both worlds 

Using magnets produces high- 

quality images at virtually no 

- _. risk to the patient. 


© Science Photo Library 


iVIRI scanner 


When doctors need the highest quality images possible 
they turn to MRI scanners, but how do they work? 





Doctors often plantreatments are expensive and complicated to develop these incredible scanners for 
eO based on imaging. X-rays, interpret, they certainly aren't as easy as doctors to use. MRI scans provide such 
ultrasound and CT scans taking a chest x-ray. Examples for which details because they work at a sub- 

” provide useful pictures, but they are used include planning surgery molecular level; they work on the protons 
when the highest quality images are for rectal cancers, assessing bones for within hydrogen atoms. By changing 
needed, theyturnto MRIscanners.While infection (osteomyelitis), looking at the the position of these protons using 
CT scanners use x-rays and therefore bile ducts in detail for trapped gallstones, magnetic fields, extremely detailed 
expose the patient toradiation,magnetic assessingligamentaldamageintheknee __ pictures ofthe different types of pictures 
resonance imaging (MRI) uses powerful joints and assessing the spinal cord for are obtained. Since these pictures rely 
magnets and is virtually risk free. infections, tumours or trapped nerves. on the tiny movements of these tiny 

MRI scans are obtained for many Physicists and engineers use and particles, you need to lie very still during 
medical conditions, although since they manipulate the basic laws of physics to the scan. 

Slice by slice images 

Specially wound coils, known as gradient types, the relationship between the strength 

coils, allow for the detailed depth imaging ofthe field and the frequency of the emitted 

which creates the slice by slice pictures. photons is different for various tissues. 

While the main superconducting magnet Detecting these differences allows for very 

creates a very stable magnetic field, these detailed images. 

gradient coils create variable magnetic fields Powerful computers outside the main 

during the scan. These fields mean that the machine then reconstitute all of this data to 

magnetic strength within the patient can be produce slice by slice imaging. Depending on 

altered in specific areas. Since the protons what's being scanned, 3D reconstructions can 

realign at different rates in different tissue then be created, such as for brain tumours. 
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Careful Pacemakers The most modern Now that’s cold Mobile MRI 


Due to the powerful magnets, Pacemakers were absolute MRI scans can be combined The coils of the Mobile MRI scanners can go 
any metal objects left in the contraindications to MRI with PET scans. These PET-MRI superconducting magnets are to the patients. They are 
room can be pulled towards the scans; modern pacemakers scans produce anatomical and cooled to lower their based in big articulated 
| magnet and can harm patients. and implantable defibrillators, functional images, such as resistance. Liquid helium lorries and can be stationed 
Examples have included however, are being designed assessing for extent of tumour cools them to near absolute outside hospitals to provide 
oxygen cylinders and chairs. to be ‘MRI safe.’ growth and tumour activity. zero (around -270°C). extra scanning capacity. 


Around ten per cent of patients are too claustrophobic for conventional MRI scanners 








Radiofrequency transmission 
Aradiofrequency transmission causes the 
protons to flip around, and then turning this 
off causes the protons to re-align. This 








The MRI scanner 


movement releases energy that is detected It’s a big, hi-tech machine and there are different varieties 


by the scanner to create pictures. 


Contrast agents are used in 

addition to enhance the contrast 

between tissue types. For looking 

at joints such as theshoulder or ae oe 
knee, contrast can be injected 
directly into the joint prior to the | 
scan. For the blood vessels, an re 
intravenous contrast is injected 

during thescan. 


Bang bang! , 
The gradient coils are switched on and 

off rapidly and alter the magnetic 

field in specific tissue areas. As 
they switch on and off, the coils 
contract and expand by tiny 
amounts. This produces a 
loud noise which is heard 
asa series of loud bangs. 


Looking for 
tumours 

Since the protons in ’ 
different tissue types 
return to their normal 
state at different rates, 
they give off different 
frequencies of energy 

and so contrast between 
different types of tissues 
can beseen. This allows 
identification of a brain 
tumour from normal cells. 


Gradient coils 
These coils produce much weaker, 
variable magnetic fields compared 
to the superconductors. These 
gradient fields are specifically 
targeted to certain tissues, 
allowing for depth and detailed 
tissue type differentiation. 









Transverse 

; The transverse plane 

isa horizontal plane 

» that divides the 

body into superior 

(upper) and inferior 

Coronal (lower) parts. 
The coronal plane 

divides the body Sagittal 

into anterior (front) The sagittal plane moves down 

and posterior the midline of the body and 

(back) halves. divides it into left and right. 


all around the world, found in hospitals, medical research 
Enhancement centres and even zoos, but they all work on common 
principles of manipulating the laws of physics 









i Superconducting 


These powerful magnets create 

J | very stable magnetic fields, 
/ ~ which align protons within the 
body’s hydrogen atoms. The 
magnets are cooled to near 
absolute zero and so are well 
insulated from the patient. 


The tunnel 

The tunnel which 
the patient lies inis 
narrow; some 
patients don’t fit. 
There aresmall 
lights and a radio 
with headphones to 
keep you 
comfortable. 


The 
Once the changes in 
energy have been 
detected within the 
scanner, they are 
transmitted to 
powerful computers 
outside the scanner, 
which transform the 
data into useful 
images. 





Lie here 

The patient lies down ona 
narrow plastic ‘table’ outside the 
machine, which is then 
advanced slowly into the tunnel. 





You'll need to 
j be an expert 
ep eale)iiayisetsli 


you're 
looking at 


Which direction? 


Medical teams need to communicate using the same terms so 
they are clear what they are looking at. The cross-sectional 
images produced by MRI scanners are extremely complex, 
but this is why they are so useful. The terms to the left are the 
imaginary lines that provide cross-sections. The planes can 
be moved across the body to look at whole organs or areas. 
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5 T p Speed Apps Multi-tasking Voice Growth 
0 Tablets work using processors Some apps are very similar to Multi-tasking on tablets is Tablets aren’t made for voice The growth of tablet sales is 
that are on average two thirds popular desktop titles, but achieved by freezing apps calling, but Skype and other now starting to impact 
FA i | S slower than laptops, but they often cost very little. With when they are not in use, services let you use Voice Over netbook and laptop sales with 
are still faster because they do tablets selling by the million, therefore freeing up precious IP as long as wireless data is some believing that the tablet 


will dominate the entire 
computer market in the future. 


available. A phone’s still 
needed for general calling. 


memory for the currently 
running apps. 


developers can make their 
money by volume. 


not have to power CD drives 
and hardware keyboards. 


TABLET PCS 





ED VALE Toblets are independent, but the iPad needs to be hooked up to ag desktop computer on first use for it to work 


Tablets are less 
powerful than 
laptops but can be 
more useful. Find 
out how they work 
and what they can 
do for you 


Atabletis a cut-down 


a version ofa laptop. 
a Besides having no 





physical keyboard, it also 
uses operating systems designed to 
allow instant online access and an 
environment closer to the 
smartphone in design than a desktop 
operating system. Its great advantage 
is portability alongside battery lives 
that can reach up to ten hours, which 
makes it ideal to work on when out 
and about orto play on when ona 
long-distance flight. 

Apple brought the tablet form to the 
attention of the world with the iPad in 
2010 and this contrasted greatly with 
the previous failed efforts of Microsoft 
to make Windows fit this form factor. 
Itis technically much less powerful 
than laptops, but this is, ironically, 
also its biggest advantage. By focusing 
on allowing the user to consume and 
create in the simplest of ways they 
take away most of the maintenance 
involved in running a standard laptop 
and still manage to let you do 
everything you want to via cheap 
third-party apps. This also makes the 
tablet much faster than a laptop for 
most tasks. 

The Apple iPad and Samsung 
Galaxy Tab are currently the most 
powerful tablets available, but that 
will no doubt change in the very 
near future. 
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Movement Flush Protection Touch Resolution 
Anaccelerometer Mostscreensare Aprotective layer The capacitive Apple’s iPad hasa 
is builtinto the builttobeflushto isappliedtothe technology reads screen resolution 
device, which the surround to screen whichis the electrical of 1024x768 pixels. 
senses the allow navigation made from current froma This isn’t that 
orientationthatit | andtouchallthe materialsresistant fingertoanalyse high, but results 
is being held at. waytoeachedge. — toscratches. placement. are impressive. 
The top layer Conducting 
The conductive layer just below the 
The top layer can be built to protect om 
Lim surface is designed tosense the 
against scratches and fingerprints and ‘a . 
a » touch of a finger and to send the 
iscrucial to ensuring continued A * 
positive use over long periods. ‘la on relative co-ordinates back for 
Ca Oo > processing movement. 
Flexible surface ~i ° S| IN 
Pa io ,. . » 
—_ o o = | > 
“4 f/~ > 
. < © % - by aw, 
¢ ee “ > 
iw p 
F — 


Non-conductive 
separator dots 

Ascreen may look likea 
Glass piece of glass, butsome 
The glass layer is by far the thickest part employ a multitude of layers 


to achieve the desired touch 
and viewing performance. 


ofthe screen, butis the least advanced. 
Allofthe clever stuff happens elsewhere. 





A tablet can connect to the internet in two ways: Wi-Fiandinsome 
cases 3G. Wi-Fi isa lot quicker but has to rely on the proximity ofa 
router or a public hotspot. Ifa tablet has 3G capability, it will also 
require a suitable data plan to allow access anywhere. These 


can be expensive, but the setup does offer an advantage 
few laptops have, which is almost universal 


internet connectivity. The efficiency of the 
operating systems and browsers, which were 
originally designed for slower smartphones, 
means that they run very quickly provided 3G 
coverage is available. 





ow does 
e screen 
work ‘ 


Capacitive screens, which the 
iPad and most high-end tablets 
use, are designed only to work 
with objects that are conductive, 
such as fingers. This has the 
advantage of making them feel 
extremely natural to use. 
However, you do lose the 
preciseness ofa stylus. The 
technology can sense the exact 
movement ofa finger and when 
more than one finger is used it 
can determine the distance 
between them and the range of 
movement to accomplish tasks 
such as rotating or pinching and 
zooming photos. 

You may be surprised to know 
that these screens carry an 
electrical charge that is 
disrupted by your finger, which 
carries a different charge. This is 
how the conductive layer just 
below the surface can work out 
where the fingers are placed. A 
special coating is often applied 
to the screen, which resists 
scratches and fingerprints and is 
so thin thatit’s not viewable by 
the human eye. In-plane 
switching can also be employed 
to increase viewing angles by 
decreasing the amount of 
scattered light across the screen, 
allowing you to almost view text 
and images when holding the 
screen ata 9o° angle to your eyes. 
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wae lablet 
fae < hardware 


Tablets are almost always closed systems 

datsim- Vile abind (smelessae-lebbeleaemaetcebeles eer 

parts. Some have expansion card slots to 

increase the available storage and there are 
accessories available such as external hardware keyboards and desk 
chargers, but on the whole they are designed to be used as they come out of 
the box. They do not have CD drives or USB ports because mechanical 
media can slow down overall performance whereas the Flash-based 
memory inside a tablet is extremely fast. This also enables them to run 
smoother and quicker than laptops and desktops with better specifications. 
Many can be attached toa TV for video playback, which is achieved via the 
small built-in graphics processors. On the outside they are built to last with 
either aluminium or strengthened plastic used to house the otherwise 
fragile internals. The key to a tablet’s speed and strength is the lack of 
moving parts, which also makes them extremely reliable. 

























































Tablet 
software 


PNbseteie-Vimeebecelme-le)(cecpavbenmelcwavelence)(ome)el-ie-iabere 
system, which was designed for smartphones. The 
iPad runs iOS, which Apple also uses on the iPhone. 

AW al=yAolelaemcshiae)endendcocsor-ban'a-16)eRtenes(s miler ele)iiny 
and these can be installed in seconds by 
olo)iiaablorclopner-mmelcveemaceeom@menelcrcne)mastcyavelenae)el 
Market. Once installed they act in solitude with some 
clever programming enabling them to take advantage 
of specific hardware functions. They are not 

elo) se} ersiaie)(cantaiaensr-(@enelselcvemelelmastcut-bexc)melele)itels es 
are supporting both operating systems with the same 
titles. Apple produces Pages and Numbers ior the iPad 
which gives full Office document editing and there 
are also a number of Office apps available for Android 
tablets. Magazines are becominga 

popular genre inthe tablet 

world with the iPad 

offering more titles than 

the rest. 


© Apple 


‘There Is a lot of gdvanced technology 
squeezed into the Galaxy Tab" 


How does the flagship Android tablet manage 
to do so much in such a small space? 


It would be easy to think of the Galaxy 
Tab as avery large Android smartphone, 
but that would be to ignore the thought 
that Samsung has put into designing the 
product. Designing a small tablet that 
still offers a usable experience is not 
easy, but some clever technology has 
been squeezed in to enable this to 
happen. The seven-inch super TFT . 
screen has been designed by aligning ‘ 

the molecules of the liquid crystal toa ~ 
perfect parallel, which allows fora wide 

viewing angle up to 170 degrees. This 

technology, while not new, is also power 

efficient which helps the battery produce Simple 
up to seven hours of video playback on Flick between 

one single charge. This is backed up by a a ara 
the 1GHz Hummingbird processor, which ee 
uses incredibly close placement of the c | 
























L 


circuitry on board to increase clock c 
speeds resulting in minimal power - 
drain. The inclusion of an HSDPA chip Phone Readers Hub Navigation | Ca 
produces a mobile data speed of up to 
7.2Mbps to rival many home broadband 
connections and the Broadcom chip Cc Oh rag ; 
takes care of Wi-Fiand Bluetooth, 
enabling almost constant connections to Music Video Calendar i Thin 
the outside world. 
The built-in gyroscopic sensor is able 
to sense exactly how the Tab is being 
held by sensing the exact position ofa i i a | 
tiny vibrating object in relation to the X,Y 
and Z axes. This is particularly useful for — —_ 
advanced gaming and augmented 
reality apps, which are designed 
to use this technology wherever 
| possible. The front and rear 
| camerasare not well specified, but 
| areuseful for snapshots or for 
video calling, which utilises the 
front camera and the HSDPA or 
Wi-Fi connectivity. There isa lot of 
advanced technology squeezed into 
the Galaxy Tab, but it remains 
lightweight at only 380 grams. Itis 
also half the weight of aniPad thanks 
to the plastic outer shell that has 
been used to cover the multitude of 
components. It may not look classy - 
and isa very lo-tech material — but it 
certainly helps reduce the overall 
y weight of this flagship tablet. 







Internet 
Using 3G connectivity, 
accessing the internet 
is immediate. 






iy 


~ 


Browser Applications 


© Samsung 


ed 
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Plastic 


The lightweight plastic body helps 
to reduce the overall weight of the 


Tab greatly. 


Rear camera 


The rear-facing camera is diminutive 
in size, butstill packsin three 
megapixels of power alongside auto 
focus and an LED flash 


1] Gl 9:02 AM 


¥ 


a 


Market 


Apps 
Easily purchased from 
the Android Market. 





1. Dell Streak 2. Samsung 
Is it a big smartphone or Galaxy Tab 
a small tablet? Opinion The Tab uses the 


seven-inch screen form 
factor, which aims to offer 
a tablet experience while 
maintaining portability. 


seems to be divided 
over the five-inch 
screen form factor at 
this time. 





© Dell 
© Samsung 





3. Apple iPad 
With a 9.6-inch screen the 
iPad lets you enjoy web 
browsing and many other 
tasks more than the 
others, but at the cost of 
true portability. 


The Tab offers full Adobe Flash compatibility, which does not natively work on the iPad 


_ 
— 
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Power 

The 1GHz 

processor 

produces Speakers 
excellent speed The Tab has two built-in 
and is also Up to 32GB of flash memory loudspeakers, which help deliver a 
designed to beas is builtin tothe Tab, which superior stereo sound. The 
power efficient as complements the microSD positioning also makes it less likely 
possible. expansion slot. to cover them with your hands. 


Apple’s iPad and Samsung's Galaxy Tab are at opposite 
ends of the scale in terms of size, weight and operating 
system. They have similar goals, but the Tab’s Android OS 
is open and iOS on the iPad is very much closed. Along with 
the materials and builds, the differences are numerous 


Samsung Galaxy Tab 


Ae) 0) (=Ml aecle| 


™ Stunning build quality anda 
beautifully designed screen 





© Small and light; much more 
portable than the iPad 


Two cameras for snaps and more 
personal communication 





! Many magazine and news 
publications already support 
the format 


© 3G connectivity built in The optional keyboard turns it 


as standard ; ov 

Suan eRe eNReeNReNENeRANNanAaeRaNCINR TEN into a mini-laptop 
The plastic cover feels a little * Expensive for the 3G-enabled 
cheap for the price version and locked to a contract 
Expensive and only one *) Little choice for customising the 
model available software interface 
Android OS is not completely ® The iPad is large and heavy and 
refined for the tablet form yet not the most portable 


Screen 
The super TFT LCD screen offers 


improved image quality anda wide 


viewing angle. The pixel density is 
higher than on the iPad screen. 


This tiny chip brings mobile 

to the party. Support for 

up to 7.2Mbps data speeds is included 
thanks to the HSDPAimplementation. 


Battery 
The 4,000mAh battery is hugeand 


capable of delivering seven hours of 
video playback and up to ten hours 
of talk time. 


Galaxy Tab 

Height: 120mm 

Width: 190mm 

Depth: 12mm 

Weight: 380kg 

Display: 1024 x 600 pixels 
OS: Android 2.2 (Froyo) 


Processor: 
1GHz ARM Cortex A& 


Memory: 16 / 32GB 
Battery: 4,000mAh 


Camera: 
3MP (rear) + 1.3MP (front) 


Pricing: £517 ($807) 


0 


For more info and images of the 
exposed Galaxy Tab, visit the 
gadget surgeons at ifixit.com 
who kindly contributed photos 
and findings for this article. 


Fixit 
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Heating homes / Correcting bad sight 


Central heatin 


How acombi boiler heats aos home and 
our water with no need 


ot water storage tank 


The heat source fora central 
heating system is the boiler. 70 
per cent of UK households now 
use a combination, or combi 
boiler to heat their homes and their water - 
allin one compact unit. Inside the boiler, 
water is heated bya metal heat exchanger 
and pumped into a closed system of pipes 
that loop around the home to radiators in 
each room. By using a combi boiler, ifyou 
turn on your hot tap, water from the mains is 
heated as needed, with no need fora large 
and obtrusive storage cylinder. 

All modern boilers fitted in the UK are 
condensing boilers, which are more fuel- 
efficient because they re-use the heat energy 
that ina non-condensing boiler would be 
expelled through the flue. The water is 
heated as it flows through the pipes inside 
one (or sometimes two) heat exchangers, 
which are suspended in hot gases over the 
burner’s flames, maximising the heat 
transfer from the burner. In a combi, the 
temperature of the flue gases is reduced to 
50-60°C (rather than the 120-180°C in a non- 
condensing boiler), and most of the gas 
leaves the flue as water vapour while the rest 
is drained away as condensate, or water. 


LASIK eye 
surgery... 
Cornea 


Once tissue has been removed, 
the flap is fokied back onto the 
comea and heals quickly. 





DID YOU 
KNOW? 
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slices a flap open on the 


"A flap Is sliced on the surface of the 
cornea and folded out the way" 


Radiators 

The temperature of a room's 
individual radiator can be controlled 
using a thermostatic radiator valve. 







ora separate 


Hot water 


Hot water is 


water flow is 
detected by the gas 
burner, which uses 
electric sparks to 
ignite the gas that 
heats the water as 
it runs back and 
forth over a heat 
exchanger. 


Boiler 

The combi boiler 
can be programmed 
to switch the 
central heating on 
and off at desired 
times and at a 
specific 
temperature. A 
pump inside the 
boiler transports 
water through the 
radiators. 





Combination 
boiler central 
heating system 


Cold mains 
The combi heats water direct from the 


mains as and when it’s required. There’s 
no need for a coldwater storage tank. 


Laser 
su 





How cana laser beam correcta 
patient's poor vision? 


VY 


People with defective eyesight can undergo laser- 
assisted in-situ keratomileusis (LASIK) eye surgery to 
correct their vision. LASIK involves using an 
ultraviolet laser beam to remove tissue and alter the 
shape of the cornea at the front of the eye. If, for example, the 
cornea is not perfectly spherical, light rays entering the eye won't 
focus ona single point on the retina —and it’s this that causes the 
diminished vision. However, by reshaping the patient's cornea, 





Retina _lightrayscan be refracted, or bent as they pass through the 
After vasa il rays cornea to focus light properly. 
entering the eye are ails 
A special surgical knife icstaad ve aoint Gavthe Acomputer maps the shape of the patient’s cornea before 


calculating exactly how much tissue needs to be removed. Using 
a fine knife calleda microkeratome, a flap is sliced on the surface 
of the cornea and folded out of the way. The main laser light 
doesn't penetrate the eyeball, but rather it pulses, vaporising the 
tissue on the surface of the cornea. The flap is then folded back 
and heals without the need for stitches, resulting in instantly 
improved vision. © 


retina, producing a much 
clearer image. 


surface of the cornea. 
LASIK isa kind of refractive laser 
eye surgery used to treat near- and 
far-sightedness and astigmatism. 





1. Six-string 2. Doubleneck ye 3. Electric 
electric guitar electric guitar bass guitar 
Whether a Fender This extravagant twin- Biggest in build of the 





% necked variant provides a 

\ normal six-string electric 
and the more twangy 12- 
string equivalent. 


Stratocaster or Les Paul, 
this instrument provides 
a sound big and versatile 
enough for pop or rock. 


electric guitar 
instruments, it has a 
longer neck and thick 
strings for that deep bass. 





e 








MICKIKDE ROO ADE DOdtap or rewire their pickups ‘out of phase’ to achieve signature tones 
[J ES The nut 
A strip of plastic or bone that 
saddles the strings from the 
headstock and down the neck to 
the bridge. 


The science behind how an electric guitar 
produces thati iconic ud sound 

















Slash doing his ~ 
fretwork homework 


<" 


© daigooliva 


JN 





As opposed to an acoustic equivalent, which 

uses a hollow body to amplify the vibrating 

strings, a solid-body electric guitar requires a 
” set ofpickups to project the sound. 

It uses a principle of electromagnetic induction to 
translate the movement of metal strings into a very small 
electric current within a set of pickups. These tightly 
wound magnetic coils are positioned directly under the 
area where the player strums and usually contain a set of 
six pole pieces that sit directly below each string. When the 
string is plucked it induces a voltage fluctuation inside the 
pickup, which is then channelled out of the instrument 
down a lead and into an amplifier. The wattage of the guitar 
amp largely defines the volume with big live acts using 
powerful 16 speaker stacks to achieve maximum loudness. 

Players also boost the raw guitar signal with effects units 
or foot pedals that apply layers of distortion for achieving 
that distinctive crunching rock sound. 





Wound for sound 


We know that the vibrating steel strings generate an 
electric current within the pickups, but the frequency 
ofthis current is proportional to certain characteristics 
of the string itself. The wavelength ofthe oscillations 
change as the strings are plucked at various frets, and 
the player uses tension with the fretting 

hand to shorten the length of the 

string at each interval of the fret A 

board. This changes the 

vibration pitch passing 

above the pickup to create = 
the notes needed to form the 
chords. A thicker ‘gauge’ of 
string tends to offer a louder 
output and heavier tones, 
while factors such as howthe 
string has been wound also 
influence the final sound. 


© Science 
photo library 






Strings 

Electric guitars typically have 
six metal strings open tuned to 
the standard EADGBE sequence, 
thick to thin or bass to treble. 






Fretboard 

The playing surface where notes 
are formed is divided into 22 
intervals known as frets with 
metal strips called fretwire. 


The pickups 









Tightly wound magnetic wires 
that emit an electric current 
when the string is plucked. 
Selector switch 
A three- or five-way toggle 
switch, that changes 
between rhythm and 
treble or a combination 
of the pickups. 
An adjustable metal bar running 
through the neck to prevent 
y warping and set the necessary 
\" bow in the fretboard. 
NS 
Found in varying “Qs Scratchplate 
shapes andeither “Sy” Also known as a pickguard, this 
of a flat or archtop = removable die-cut piece of plastic 
profile, the essential a, protects the body from possible 
guitar electronics are plectrum scratches during play. 
located here. 
y : 
— Thebridge .* 
. This metal piece of » 
hardware anchors and y 
maintains the string y 
height above the body of Sf 
the guitar and pickups. 7 Volume and 
| 2 tone pots 
Electric guitar strings often a a — These are resistors used to vary 


consist of asteel core wound with 
nickel-plated steel wire 


the pickup output to control 
volume and tone for each pickup. 
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Pressure cookers 


How do they cook food so quickly? 


Pressure cookers work by raising 


se Pressure cookers 
their internal temperature above are hermetically 
a saucepan’s capabilities. They sealed pots 





achieve this by hermetically 
sealing their internal structure through a lid/ 
gasket clamping system that restricts the 
escape of steam and liquids belowa pre-set 
temperature. Through this the pressure 
within the pan increases massively and 
allows the internal liquid to rise to a higher 
temperature before boiling, thereby cooking 
food faster. Maximum pressure is controlled 
by a regulator fitted into the lid, which only 
releases steam when it reaches its pre-set 
pressure level. In case the regulator gets 
blocked, a safety valve is also fitted into the 
lid, which will open if pressure levels increase 
beyond the regulator’s maximum. 


Water filters 


Removing impurities from water 


There are multiple types of water filters, which through physical, 
chemical and biological processes remove impure substances from 
water. The most common type of filtration system is that which uses 
granular-activated carbon, usually in the form of charcoal sheets. The 
charcoal is treated with an oxidisation process that opens up millions of tiny pores 
between its carbon atoms, increasing - due to its large porous surface - its ability to 
absorb (chemically bond with) particulate matter from the water. Once the carbon 
sheet is saturated with impurities, it’s then cleaned by heating it ina furnace. 
Carbon-based systems are commonly found in household water filters. 

Another method used mainly in laboratory or industrial settings (where 
macromolecular solutions need to be purified) is ultrafiltration. This works by 
generating hydrostatic pressure to force liquid against asemi-permeable 
membrane. Solids and solutes of high molecular weight (ie, larger than a water 
molecule) are caught by the system’s membrane while water and low molecular 
weight solutes pass through into the collection area. This allows the geometry of the 
membrane to be varied according to local conditions and severity of impurities. 








The filter removes impurities 


from water 





7 
: 






Carbon 
Activated carbon Le 
removes impurities be 

from water 
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“The pressure within the pan 
increases massively 


Cooking at pressure / Water purification / Metal detecting 





Vietal 
detectors 


Discover how to locate buried 
treasure using magnetism 





The most common from the object underground in 
metal detector uses a response, and alert the user of 
Very Low Frequency the metal detector via a beep, or 





(VLF) technology to 
search for hidden objects. It 
employs one of the basic laws of 
electromagnetism, that an object 
in an alternating magnetic field 
(switching from north to south 
polarity) will create an oscillating 
field of its own in opposition. A 
transmitter coil emits this field, 
switching ata frequency of 
thousands of times per second. A 
device known as a magnetometer 
within a receiver coil can detect 
magnetic pulses pushed upwards 


onscreen. 

By cleverly employing a process 
knownas phase shifting, the VLF 
detector can deduce what sort of 
object is beneath the surface. This 
method works by calculating the 
time difference between the 
frequency ofthe transmitter’s field 
and the corresponding response 
from underground. This all 
depends on how easily the object 
conducts electricity, and once this 
is known its composition can then 
be approximated. 












_ Here the circuitry and ~ | 
controls for the user to % 
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operate the detector are % J - 
== located, as wellasajackto ~ ; 4 Stabiliser a 
-.. connect headphones. wit ' Constantly 


» swinging the 


| detectorcanbe — 
F: hard work,soa 
a 





’ stabiliser often 

» ~~ wraps around the 

Ss arm to help keep 

_ it steady. ie 


= The shaft allows the 

~ detector to be adjusted 
to an optimum height, 
.. while also connecting 
the controls to the coil. 
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The stronger the field 
» received, the closer the 
object is to the surface, 
| and vice versa. 
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First 
The first espresso machine 
was invented by Angelo 
Moriondo of Turin, Italy. This 
was a mass-brewing machine, 
and largely unlike the individual 
pulling machines of today. 


5 TOP 
FACTS 


ESPRESSU 
MACHINES 
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Waves » Roast : Caffeine » Base 

According to the Specialty : Espresso is simply a unique ; It’s often thought that a shot ~ Due to its intense and deep 
Coffee Association of ; 3 method for brewing coffee. ; of espresso contains more : flavour, the espresso is used 
America, we're in the ‘third - Any bean can be used withany | caffeine than a cup of filter : as the base for many other 
wave’ of coffee-itwasmass | level of roast, each giving a : coffee. In fact, its reduced . coffee beverages, including 
produced, mass marketedand * flavour dependent on origin . size means people consume - the Corretto, Bicerin, 
is now being refined. : and processing technique. ~ roughly two-thirds less. : Guillermo and Ristretto. 


OPE AGLAW The first espresso coffee machine was patented in 1884 





Espresso 
machine 
teardown 


Take a look at the 
core components of 
g mid-range home 
espresso machine 
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Pressure pump 
Aswith most espresso 
machines, wateris 
drawn from the tank by 
a pump. Thisis ensured 
byapressure 
differential between 
the pump core and 
water tank. 


Boiler 

Consists of a housing 
shell (to hold water), a 
heating coil (to bring water from the tank up to 
optimal temperature) and dual thermal sensors 
to monitor steam and water temperature. 





Portafilter 

Unlike pro-grade espresso machines, the Barista machine 
uses a pressurised portafilter rather than a commercial one. 
This ensures that consistent pressure is generated 
automatically-regardless of coffee grind and tamp level - 
creating consistently decent espressos for the amateur user. 





Espresso machines 


: Water tank 
This is a simplestorage area 
for unpressurised water, 
which is filled manually by 
the user prior to operation. 













Steamer 

As well as heating up water for 
pressurised filtering through coffee, 
the machine’s boiler also generates 
steam for heating/frothing milk. This 
facility is accessed and controlled 
through the steam wand. 





The science and technology behind a silky smooth espresso 


Espresso is a brewing method for coffee 
that, through the filtering of ground coffee 
through highly pressurised water, 
generates an intense, deep and syrupy 
caffeinated beverage. Standard filter coffee is brewed 
using a drip method — heated water is simply poured 
over coffee grinds and allowed to filter through them 
under gravity alone, absorbing their oils and essences. 
However, espresso is a considerably more complex 
brewing method that involves many stages of 
preparation and production. These variables, which can 
have a dramatic impact on the finished product, include 
water temperature, pressure level, filter type, tamp 
level (how much the ground coffee is compacted before 
brewing), fineness of the bean grind, type of grinder, 
freshness of the beans and type of bean roast. 

For the espresso machine brewing process, the 
beans, which have been grown and roasted, are first 
ground into incredibly fine, uniform grains using a 
grinder. Next the grains are compacted bya tamper (a 
weighted device used to compress the grains) into the 





coffee machine’s portafilter, a basket device used to 
control the flow of water filtered through the grains. On 
home espresso makers, this filter is usually the 
pressurised variety, which is designed to automatically 
compensate for poor/uneven grind and tamps. The 
espresso machine’s pump then draws water from its 
tank into its boiler for heating to the correct 
temperature. Advanced machines use a ‘roller coaster’ 
technique, where the ideal temperature is maintained 
ina constant process of water heating, temperature 
checking, boiler disconnection, temperature checking 
and water reheating. This means that the water 
temperature constantly fluctuates either side of the 
ideal, resulting ina faster ideal temperature pick-up 
time when water is required for an espresso. 

Finally, the water is pressurised and forced through 
the filter and coffee grains. The heat and pressure of the 
water extracts and emulsifies the essences of the ground 
coffee, producing a thick, syrupy liquid topped witha 
layer of crema -a fine-celled foam imbued with the 
taste and aromatic properties of the bean. 


Alarge, multi- 
faucet espresso 
= machine, as 

— ",. 
used in coffee 
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WiFit Rock Band | Heavy Rain : Sports Champions Grease 
Format: Wii Format: Multiformat Format: PlayStation 3 Format: PlayStation 3 Format: Wii 
No more cheesy workout DVDs With Electronics Arts’ answer This popular grown-up Compete solo or against This title uses all of the Wii’s 
- Wii Fit revolutionised to Guitar Hero, you can live out thriller mystery game now friends in six sports including functionality to create a great 
exercising at home, hitting the your musical stardom includes Move functionality archery and volleyball. Can party game - use the Balance 
jackpot with its appeal to fantasies in the privacy of your as well as the usual control- you beat the top scorers in Board to dance and the 
women and seniors. own living room. pad interaction. the online leaderboards? microphone to sing along. 
At Christmas 2006, the UK 
went wild for the Nintendo bry 
|__| aati Ardea 7 yroscope 
, sea eile: Here’s a quick overview of cs 
through the night, stores evolution 
what each controller does 


sold out and now 6 million consoles have 
been sold on these shores alone. By 
Christmas 2010, motion-control 
videogame systems were back on the 
nation’s wish-lists as the technology 
stepped up a notch. In September 2010, 
Sony released the Move controller for 
PlayStation 3 and in the November, 
Microsoft launched Kinect, the first 
controller-free system. Now, How It 
Works opened each one up to find out 
how they work. 

Let’s start with movement detection: 
to register its exact position, a handheld 
controller needs a system that can detect 
motion and speed in three-dimensional 
space, along with any tilt and twist. The 
controllers contain tiny accelerometers, 
micro-electro-mechanical systems 
(MEMS), which measure acceleration but 
ignore the effect of gravity. Interestingly, 
we have biological accelerometers in our 
ears, the cantilevered beams are tiny 
hairs (cilia) wafting around in fluid like 
reeds in water. 

MEMS accelerometers consist of tiny 
strands of silicon attached at one end 
(cantilevered beams) inside a charged 
field. The MEMS device measures 
capacitance (how much charge is stored) 
so when the beam moves from its 
neutral position, the change in 
capacitance can then be used to 
calculate acceleration. 

On Earth, all objects at rest and near 
the surface are pulled towards the 
planet with a force of 1G, so 
manufacturers calibrate their 
accelerometers to adjust for this. 
However, it does mean that your Wii 
won't work properly ifyou take it on 












Microsoft Kinect 
Notso mucha controllerasjusta 
camera that sends out an infrared 
‘net’, meaning every move you 
perform is mimicked on screen. 


PlayStation Move 
Working along similar lines to 
the Wii, the Move features an 
attractive Orb and will have 
more appeal to serious gamers. 
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holiday with you to the moon. 
Information from the accelerometers is 
processed in the controller’s microchip 
and beamed back by Bluetooth, 
wirelessly, to the sensor. 

It’s all very well being able to locate 
the controller in space, but what about 
movement around the controller's axis? 
Adding gyroscopic sensors toa 
controller adds another three 
dimensions of movement detection: as 
well as the X, Yand Z planes used to 
locate the controller, gyroscopes 
detect movement of the controller 


Player interaction reaches a 
new level with motion- 
controlled gaming 





© Microsoft 


ue Nintendo Wii Remote 
The device that brought motion 
control into the mainstream, the 
Wii has been incredibly successful 
since its launchin 2006. 


around its central axis: pitch (up/down 
tilt towards the screen), roll (twist) and 
yaw (aiming the controller to the left 
or right of the screen). A basic version of 
this same technology is used in mobile 
phones to change the image from 
portrait to landscape depending on 
which way up the device is held, the 
iPhone 4 being a perfect example of 
this technology currently put to 
extremely good use. 

Gyroscopes are an ideal way to detect 
motion about a central axis—the 
orientation ofa spinning or vibrating 
gyroscope attached to a low-friction 
mount remains the same regardless of 
movement in the surface to which the 
mountis attached. 

There are different types of MEMS 
gyroscope sensors — the sensorinside 
the PlayStation Move contains a set of 
three tiny tuning fork shaped pieces of 
quartz placed at mutually 
perpendicular angles ina charged field. 
The quartz is piezoelectricso whena 
current is applied, the forks vibrate. 
Rotation about the axis of the forks 
changes the forces at work in the crystal: 
the plane of vibration stays the same but 
the frequency of the vibrations changes. 
Detectors monitor capacitance 
fluctuations in the charged field to 
calculate movement of the controller 
relative to the forks. 

Motion-control systems combine the 
data from their internal gyroscopes and 


A new spin on 
modern gaming 


Did you have a spinning 

top toy? Set it going and it will 
spin for ages before eventually 
skidding across the floor. 
Gyroscopes aren't justa 
cunning toy for persuading 
kids that physics is fun; 

dels mbelmaratenersme)cejeloaelas 
have many useful motion- 
detection applications. 

The first mechanical 
gyroscope was built in 
Germany in the19th Century 
and developed by the French 
physicist Léon Foucault for his 
investigation of the Earth’s 
rotation. Mechanical gyros 
like this are used for 
Sisley oetstclaleyembens(cjae)e)tcbetae 
and boats but they’re 
relatively large and heavy. It 
wasn’t until manufacturers 
were able to build micro-sized 
ACO Meatclmdeliaclejelactasembens ts 
kinds of electronics devices. 
Did you ever wonder howa 
two-legged robot or a Segway 
scooter stays upright? Both 
use silicon micro-gyros. 

The gyroscope sensor chips 
are now so small and light 
that they’re widely used in 
digital cameras for image 
Stabilisation, in mobile 
jo) alevalacpie)aceacvenejalcelecleleyel 
and in movement-control 
games where the user twists 
the handset. 


Mechanical gyroscope -the 
rotating disk spins inside pivoted 
eh ejeleyamabercsoa mea peslercl im 
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accelerometers to produce super-accurate 
information about location in space (X, Yand 
Z planes), and movement about the 
controller’s axis (pitch, roll and yaw). For 
extra precision, some systems also throwin 
a micro-compass (like those used in GPS and 
satnav systems). 

So once the device has accurately 
detected motion, this needs to be translated 
to movements that fit on the screen. The 
system used by Nintendo's Wii uses infrared 
tracking to determine the cursor’s position 
on the screen. The sensor box above the 
screen has sets of five infrared (IR) LEDs at 
both sides. These, together with the IR 
detector at the top-end of the Wii Remote, 
mean that the controller's position can be 
triangulated relative to the screen. So ifthe 
LEDs are detected towards the top of the Wii 
Remote’s field of view, the cursor is 
displayed at the bottom ofthe screen and 
vice versa. IR LEDs are used because regular 
visible light-emitting diodes would be too 
difficult to pick out from other light sources, 
especially the screen. 

Instead of infrared tracking, Sony’s 
PlayStation Move uses a camera to track 
visible light from the glowing orb on top of 
the handheld controller. When it comes to 
recognising who is actually playing, 
systems now incorporate a rather ingenious 
face and voice recognition feature so players 
don’t have to register or pick an avatar. For 
face recognition, the PlayStation’s EyeCam 
captures a clear shot of the player’s face and 
then maps individual characteristics onto a 
face template to store in the system’s 
memory. It detects faces using the same 
technology used first in Sony cameras for 
‘smile recognition’. 

Motion controllers contain microphones 
not just for sing-along games but also for 
voice commands and player recognition. So 
how does this work? Voice-recognition 
technology is well-established in 
communications and accessibility software. 
The sound waves created by speech become 
vibrations in the microphone, which are 
converted to digital signals. The processor 
removes ‘noise’ from the data-stream (by 
subtracting a reading of the ‘background’ 
noise in the room) and then breaks down 
the data into unique speech sounds or 
‘phonemes’ - there are roughly 50 
phonemes in the English language. The 
processor then compares the data to its 
stored library of phoneme combinations to 
work out which words were said. 

So what about all those notoriously tricky 
words in English, which are spelled 
differently but sound the same (otherwise 
known as homophones)? In order to decide 
which homophone to register, the processor 
is also equipped with a context-checker - it 
analyses the words around the homophone, 
checks the combination against stored 
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The new way to play | 





“Move uses g camera to track 
visible light from the glowing orb” 






1. Move the Wii-mote 
Hold the controller as you would 
aregular table tennis bat-you 
can even achieve a backhand. 










a 





2. Friends not required 
Contrary to promotional images 
of Wii gaming, 2.4childrenora 
large group of smiley friends 
aren’t necessary. Nice though. 


awa 


















examples and then selects the spelling that’s, 
Statistically, most likely. The software is also 
advanced enough to recognise a number of 
different accents, and the latest videogame 
systems ‘recognise’ individual players by 
storing each user's unique pitch variations, 
giving you a personal gaming experience 
every time you turn the console on. 

Every different language requires its own 
library that can delay the release of products 
using this technology. In 2010 Microsoft 
Kinect was initially available in US and UK 
English, Japanese and Mexican Spanish - 
with the speakers of other languages having 
to wait until 2011 for updated versions. 

With regard to what's next for videogame 
controllers, developers are hard at work on 
three-dimensional games (for use with 3D 
television screens), eye-gaze direction 
detection and other mind-bogglingly 
futuristic technology. As handsets become 
increasinglyunnecessary and producers 
create a wider range of videogames, there 
will be plenty to satisfy both casual and 
hardcore gamers. 





Head , 
to Head 


THE ORIGINAL 1. Nintendo Wii SiJS8UUeaie = 2, oy jt Bd Thee 3. Microsoft 
“ The original mass-market PS3 Move Xbox Kinect 


motion-control gaming Released in September - No need for batteries, the 
gizmo. A sell-out at 2010, Sony's controller is 





» ‘a S Kinect does away with a 
MOTION | PrP. Se g Christmas 2006 and still > lighter, more accurate and controller. The sensor 
CO NTR 0 L i ERS i ., ; = very popular, especially . & prettier, with its colour- detects movement, speech 
. - » © thanks to its upgrades. 42 changing light orbs. and individual players. 








OPEB VACUO? Since its launch in 2006 the Nintendo Wii has sold 75.3 million units worldwide 


Nintendo Wil 


The console that caused a gaming revolution 


Inside a Wii-mote 
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Nintendo connector Battery Accelerometers 

Port for plugging in attachments clips (reverse of board) 
} suchas the nunchuk. Used to locate the controller in3D space. 
: t IR sensor 


Detects [R radiation from 


: the LEDs in theconsole. 


4 tu 
Scan button 


Can only beaccessed internally - used to 
reset the Wii-mote after repair or updates. 


"* eat , “— 
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The Wii Remote (Wii-mote) 
uses a three-axis 
accelerometer to monitor 
movement sideways, up and 
down, forward and back. 
Two sets of infrared LEDs on 
the Wii console are detected 
in the Wii-mote and 








triangulated to determine Stores energy to be used when the — 

the cursor or character battery connection is lost. 

position on screen. 

Nintendo released the Wii 

MotionPlus device to 

enhance the Wii-mote - this 

adds a three-axis ‘tuning 

fork’ gyroscope to better 

detect twisting and tilting 

movements of controller Audio processing chip Speaker and ‘rumble pack’ 

itself (pitch, roll and yaw). This isa stowaway. This chip Bluetooth chip (reverse of board) 
currently isn’t used but might Transmits data to Provide feedback from events on 
bein future as games develop. the Wii console. screen, such as hittinga ball. 






Inside a capacitive eee 
accelerometer a 


Using the Wii Remote Turning your world around has electrical permittivity. 


is fairly intuitive. Slip never been so technical 
the strap over your 


wrist and hold it likea 
remote control, usually 


with your thumb on Liquid or gaseous Flexible silicon bar 


the A-button near the silicon dielectric (free at the ends) 
top and your index 


finger on the B-button 
on the back. 

The movements you 
perform do depend on 
the game, for example, 
hold and swingitlikea 
tennis racket, a 







Direction of 
acceleration 


3. The avatar 
smashes the ball 


The arm of the on-screen 
character mimics your , 
arm. At leastitisn’t quite golf-club or a bowling 


so publicly embarrassing ball, thrustitlikea 
ifyou trip over the table sword, or even steer it The detector registers capacitance ifthere’s more space between a plate Inan accelerometer, there are two pairs of 





fluctuations, converts them into and the bar, more charge can be stored plates: the flexible silicon bar functions asa 


and fall onyour bum... 
y distances and calculates acceleration. so the capacitance is greater. second plate for each of the fixed plates. 


like a car. The wealth of 
options is endless. 
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“Motion detection takes place 
both in the EyeCam and in the 
Move controller itself” 





The new way to play 


.. = 3. Dual 
controllers 
Either one or two 
controllers can be used 
forvirtual archery. 






























4. Fire 


Release the trigger 
to release the on- 
screen arrow. 


wr 


5. Realistic action 
Using two controllers more 
accurately mimics the 
physical movements. 


REAL 
WORLD 


Motion detection takes place bothin the 
EyeCam and in the Move controller itself. 
The EyeCam tracks the Orb’s movement in 
three dimensions: up/down, left-right (the X 
and Y planes) and depth (the Z plane). 
Because the orb isa fixed size, the processor 
calculates how far away it is using simple 
laws of perspective: the smaller it appears, 
the further away it is. 

Inside the controller, accelerometers and 
gyroscopes collect further information 
about motion including tilt and twist, 
transmitting this data via Bluetooth tothe 
PS3. The orb contains three LEDs to produce 
different colours. If you're playing solo, the 
Move selects the optimum colour to contrast 
with your surroundings. In multiplayer 
games, different colours differentiate the 
players and colours also provide visual 
feedback on hits and misses. 
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1. Ready, aim... 







a5 2. Player two waiting 
= : Assoonas it’s player two’s Player one’s frontarm 
j s» turn, the EyeCam will detect | positions the bowwhile 
another Orb being moved. the rear arm draws 


‘; 


4 backthe string. 


y NSS Grab Arrow! | 
= —= 7 ; 


IN GAM 


Hold the controller like a microphone with Two controllers can be used to make the 
your index finger on the trigger button, movements more realistic— for example, 
and make sure the EyeCam can ‘see’ the in Archery, the front controller stays still, 
light orb on top. aiming for the target, while the other 
Inthe Archery on Sports Champions, draws the bow and releases. In Gladiator 
reach over your shoulder to collect an Duel, the arm holding the front controller 
Become a real-life Robin ae ue 
| arrow, bring it over your head and then is the shield, while the back controller is 
is (olelemheberonabent-r-lm-1)| ; 
draw back, releasing the trigger to shoot. the sword. 
Inside the Orb oi. ae" sateen 
nsi e Use to detect twists and tilts No need to fit batteries - 
Accel , about the controller's axis. recharge the controller by USB. 


Used to locate the 
controller in3D space, 
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Three LEDs to generate 24 Button "ev Provides feedback from, say, an 
million colours, plusa contacts omscreen 
heat sink to maintain 
optimum temperature, = 
anda diffuser to \ 
distribute light evenly. 

7 . 
Three-axis micro-compass Bluetooth chip ARM processor chip 
Similar to those in mobile phone GPS and Transmits data to the Mini computer for data 
satnav, this adds extra location information. PlayStation 3. Storage and processing, 





~  You’ve been framed! 

a Kinect’s body-tracking web-style camera technology is capable of not only 
la zooming in and following the player around the room, it can also detect a second 
7 








DID YOU 
KNOW? 


person and will then pan out to watch both people at once. And if another person 
enters the room the camera will reframe the picture to fit everyone in. 


oak? 


8 million Kinects by the end of 2010 
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1, It’s you! 

Your on-screen avatar 
will mimic your every 
movement. 














With no controller to hold, 
the Kinectis simple: once 
you've enrolled, just move 
your body, gesture or speak. 
Scroll through virtual 
libraries by waving your 
hand or speak the name ofa 
video you want to watch. In 
multiplayer quizzes, clap to 


et 
' 2266656 


Histo 
of motion 





























- « 
“ oF - 2. ae away . ‘buzz in’ and answer by control 
tet Se e Seas Swingyourlegandyour @ speaking. The Kinect can Anvone remember Duck 
ee in-game characterwill track up to six players, with J 


Hunt, with the annoying dog 
who chuckled when you 
missed the ducks? If you 
played with light guns and 
used a joystick back in the 
Eighties, you were using the 
(claieibecimenleeleecueysinge)| 
gaming systems. 

Nintendo achieved 
spectacular flops in the 
early-Nineties with the 
Power Glove and the Virtual 
Boy 3D system (not gender- 
biased, itwas named like 
the Game Boy) which was 
worn on the gamer’s head. 
No) = Becelerem (ele)compimenloteme 
catch on. 

Sony’s Move technology is 


) amaximum of two actively 
"= moving to controla game. 


3. Get involved 


You're the controllerwhen 
it comes to Kinect, what 
could be more natural? 


~<T : * kickthe ball. 








Forget controllers, the future is here 


compares them to its library of hundreds of 
moves. To detect depth, the system 
constantly projects infrared radiation, 


With the Kinect switched on, you only 
need to appear in its field of view to ‘sign 
in’. On first use, the sensor must be 





calibrated -it scans the room, tilting to 
‘see’ the floor plane and enrols players by 
storing their body dimensions and facial 
details. Whereas the Move tracks the light- 
orbs, the Kinect assigns 20 tracking points 
on your body. Thinking of crash-dieting or 
radical surgery? You'll need to re-enrol. 
The Kinect’s RGB camera monitors 
players’ movements while a processor 


Inside Kinect 


All four mics face downwards to keep the front of the box 
looking sleek. One mic is positioned here on the left... 
oo 










the Kinect tipping over ~ it 


which reflects off objects in the room. The 
IR camera in the Kinect detects the 
reflections to create a ‘view’ of the playing 
space with objects nearer the sensor 
appearing a brighter colour. It’s not like IR 
thermal imaging used in night-sight 
gadgets that detect body heat -— it’s more 
similar to the technology is used in 
landscape mapping. 


Microphones 

... the other three mics are on the right. 
Kinect developers tested dozens of arrays to 
arrive at this optimum configuration. 


IR camera 

Detects LR radiation from the 
projector reflecting off objects. The 
information is sent for processing 
to map the playing space. 


4. Detection 


contains the motor, whichtilts RGB camera Every moveyou 
the sensor and operates the This ordinary digital camera detects visible light and perform will be picked 
camera's Zoom. sends images for identification and processing. up bythe camera. 





delepenlele(een-aveivielseneeles 
EyeToy gizmo - essentiallya 
camera that detected faces 
and grafted them onto 
characters in games. Cute 
o)bimeanesbertia ats 
Flight simulators area 

successful example of 
motion-control technology 
and are used in both 

; education and games. 








Who says it doe 


sn’t 
you look coo]? ti 
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Shopping online explained 


From computer to cupboard 


“The heart of Ocado's operation ts its 
central distribution warehouse ° 


The system in place at 
‘Oler=(e lop tspectbbelr-bbelare| 


Y ‘ Y by 150 programmers 
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The UK’s foremost online supermarket, Ocado, is now ten years old, ‘check out’ the technology 
and systems used to get groceries to your door 


Online supermarkets that deliver 
produce to customers via the web are 
growing in popularity. With no high- 
street stores, retailers like Ocado rely ona 
web-based interface that’s directly linked to a huge 
automated warehouse. This allows customers to 
select their groceries remotely from their computer, 
or through their smartphone with a special app. 
Delivery is then scheduled for home transit. 

The heart of Ocado’s operation is its central 
distribution warehouse, an automated hub of 
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warehouse. 





1. User interface 

Storefronts are web interfaces, 
directly accessible by personal 
computers and smartphones. They 
allow customers to search textually 
and visually for products, as well as 
book a delivery slot. Sites often 
include video recipes, product 
bundles and price comparison stats. 
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2. Produce 


Online supermarkets source 
produce directly from individual 
companies, as well as brand ranges 
from notable high-street shops. 
This produce then arrives in bulk 
toacentral pick and packing 





activity that revolves around a state-of-the-art, 
ten-mile-long conveyor belt system. The robotic 
conveyor belt is controlled by a central software- 
guidance system that directs colour-coded crates 
through the depot’s aisles. Each container is fitted by 
the system with three open plastic bags and is routed 


to pass selected produce, according to their barcodes. 


The system also determines packing patterns - with 
heavier goods packed at the bottom of bags—as well 
as the order in which crates should be loaded into 
transit vans, dependent on delivery time. 
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d ~~ 
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3. Warehouse 


The centre of operations is the 
distribution warehouse, usuallya 
semi-automated conveyor belt system 
that sorts orders. The system software 
is linked to the user interface, receiving 
orders from customers for picking as 
well as updating stock levels. 


~—"& + warehouse directly to a user’s home 
.  or,ifdistanceis lengthy, toa local 

. ' distribution hub for secodary 

onward transit. 





Transit toa customer's home is handled by a series 
of custom-built Mercedes-Benz vans, each with air 
conditioning to help maintain produce freshness 
during transit. Routes are co-ordinated from Ocado’s 
communications hub, where computer software 
liaises with GPS satellites to plan an optimal delivery 
path according to local traffic conditions and 
distance to target. Ifa delivery is located at an 
elongated distance from the central warehouse, 
orders are carried to smaller, local hubs, then passed 
over to region-specific vehicles for final delivery. 


4. Shipping 


Product shipping is usually handled 
by air conditioned vans to ensure 
that groceries remain fresh during 
transit. Vans proceed from the 


© Garmin 





5. Communication 

Van transit is conducted via 

GPS link toa communications 
hub, where routes are planned 
and updated remotely, taking 
advantage of traffic updates and 
accident reports. This allows for 
specific time slots to be granted. 


Let there be light 


Wolfgang Débereiner invented the lighter in 1816, a true self- 


© Sebastian Ritter 2006 
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isposabie 
lighters 


How are these miniature, 


portable flames produced? 


Inside almost all modern disposable lighters is butane, 
used for its practical physical properties that make ita 
liquid at high pressure but a gas when released into the 
air. This means it can be stored as a liquid within the 
lighter, made of welded plastic to provide a high-pressure vessel. 
Decreasing the pressure by pressing a button and openinga hole 
allows asmall amount of butane to escape in its gaseous state. 

As butane is highly flammable, asmall hot spark will ignite the 
narrow stream of gas and create a controlled flame. To create the 
spark, a piezoelectric crystal generates an electric charge when Gas 
compressed or struck bya small hammerin the lighter mechanism. The norviic niaaeae a 
This allows a voltage to be created between two wires and ignite the 


controlled narrow | 
gas. Other lighters strike flint against a metal when a wheel is quickly stream of butane gas. 
turned with the thumb, causing friction and creating a spark. ; 


Now we can say “the scales must be 
broken” with confidence 











Spark 

Friction between the 
_ metal wheel and flint 
_ block produces a spark. 
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Inside a spring-activated Along lever is attached to a fixed end of 

bathroom scale isan the scale where the person stands, and 

arrangement of four levers their weight is transferred to a spring 

” running from each corner to system at the other end ofthe scale. The — 
the centre ofthescale.Whenyoustandon _ forceexerted onthespringisless than va 
a bathroom scale, a set of brackets their weight due toa ratio determined by 1 Ce 
distributes your weight and spreads it the length of the wheel. For example, a c 
across the levers. There are four levers ratio of 1:10 will mean an 8okg person only t 
because the weight needs to be spread exerts 8kg of force on the spring, soit can oe" 
evenly to prevent the instrument from be made much smaller to withstand the ce 
becoming damaged, but they work force. This spring then turnsa dial, which <7 
together as one. is calibrated to point to the right weight. ved 
03% gg 08 










Spring and ® 
scale : 






The expansion of the 
spring moves a cog that 
causes the dial to turn, 








Ratio 













The distance from the fixed a with the correct weight 
Weight end to the spring determines — pre-calibrated into it. 
A is a ratio, which minimises the —— 

weignt force on the spring. ~—_—, 

applied to the eS 
scale very F 
close toa 
fixed point to The force of the weight 
reduce the pushing down at the 
force exerted other end of the lever 
on the scale. stretches the spring. 





The lighter was invented before the match. While chemist Johann 


igniting match did not arrive until John Walker's invention in 1827. 
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What happens after you flush? 


Primary clarifier Aeration tanks 
Solids settle to the bottom of the Air pumped into the tanks promotes the 
tank, while the remaining liquid growth of microorganisms that feed on the 
waste is sent to the aeration tanks. remaining organic matter in the waste. 
oo. a ; -" 
“nw 





© DK Images 


Pre-treatment 


Barscreens and filters are used 
to remove larger rubbish and 
grit from the waste. 





How our waste products are processed to provide 
pure water and prevent the spread of fatal diseases Ries: 


When you go to the toilet 
and flush away your waste, 
how is it treated to stop it 
polluting our environment? 
Up until the 19th Century, no one really 
cared where it went, but with the 
growth of towns and cities, human 
waste became a huge problem. 
Besides toilet paper and other solid 
material sent down the loo, solid 
human waste contains harmful 
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bacteria that can easily spread disease, 
as well as phosphates and nitrogens 
that encourage the growth ofalgae 
when it is released into bodies of water. 
The algae fouls waterways and blocks 
light, thereby preventing the ability for 
fish and other creatures to see or 
breathe properly. The waste also 
reduces the oxygen in water due to the 
decomposition of bacteria. This, along 
with its dirty colour and the stink it 


“Human waste contains bacteria 
that can spread disease 


A sewage treatment plant 


The treatment of sewage consists of 


pre-treatment, primary and secondary processes. The 
aim ofthe treatment plant is to accelerate how these 


Secondary clarifiers 
go% of the solids and microorganisms 
are removed from the waste. 


causes due to the release of hydrogen 
sulphide gas caused by its nitrogen-rich 
bacteria, all make our waste highly 
unpleasant and deadly to our 
environment and ourselves. 

The solution in the developed world 
was to link the new flushing toilets to 
vast underground sewage systems, to 
take the waste away from the towns to 
rivers or the sea. This just moved the 
problem away from the towns, but in 


wastes would be dissipated and processed 


in the natural world. 






Homes 


Sewage is flushed from 
homesand sent for treatment. 


& 


the 20th Century sewage treatment 
plants were developed and improved. 
These treatment plants separate the 
solids from the liquids, and the waste 
that cannot be processed and recycled 
is sent to landfill or incineration. 

Strict laws and regulations in the 
developed world control where and how 
treatment plants discharge waste, but in 
many countries sewage is still released 
without any type of treatment. 





The great stink Purity The state of China Explosive manholes New York 
The introduction of flushing 80% of countries have low While the number of Chinese 4 In American cities there have New York City has 14 sewage 
loos in London caused a pong in standards of water purity, and sewage treatment plants is been reports of manhole covers treatment plants that deal 
1858. The extra water flowing in the developing world steadily increasing, 55% of exploding into the air. This is with 1.4 billion tons of waste a 
into the city’s 200,000 cesspits especially one in six people China’s sewage is still not likely due to heat from day. The average person in the 
Wi caused untreated sewage to still don’t have access to clean treated. There are only around electrical cables, gases and the US produces 14kg of solid 
= ia . pour into the streets. drinking water. 2,000 plants in the country. odd stray spark underground. waste a week. 
' In the USA, 40,000 sanitary sewer overflow [SSO] events happen a year 
1. Overflow 2. Solids = 
An excess of rainwater entering the Bar grids and screens are used to remove : | 
sewer system can overwhelm sewage solid items of rubbish that can include ' a 8 
plants. Various methods are used to leaves and litter. Smaller screens are used Ta) ; 4Vi—m@a pala 
drain it away without treatment, orto in chambers where grit and sand can be 7 mA £71 51™ | 
store itin retention basins or huge allowed to sink to the bottom and 
concrete tanks. It can then be filtered removed. These solids are either 3. Fat and grease 
and sent for further treatment. incinerated or sent to landfill. To remove these products, airis pumped intoa 


J INININIAVIAAYSS 
clarification a 
This works like the po ; 
primary clarifier, 
which removes the 
microorganisms 
grown in theaeration 
tank. Solid sludge at 
the bottom of the 
tank is sent forsludge 
digestion, andat the 
surface the clean 
water is sent on for 
further treatment. 
The remaining waste 
issent back tothe 
aeration tank. 





| : 








7. Disinfection 

The water from aeration still 
needs to be purged of hazardous 
microorganisms. Chlorine has 
been acommon chemical used to 
disinfect water, but it can produce 
residues that are harmful to 
aquatic life and may be 
carcinogenic. The water therefore 
has to be dechlorinated. An 
alternative is to subject the water 
to ultraviolet light, or to use ozone 
instead of chlorine. 
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8. Sludge digestion 


The sludge consists of 

water and oxygen-hungry, foul- 
smelling organic matter. Inside 
the enclosed tank, anaerobic 
bacteria that live without 
oxygen make the sludge inert. It 
is aslow process that can be 
sped up by heating the tank 
between 25°C and 40°C. 


prevent pol 





9. Drying and sludge finishing 
The inert sludge can be dried and 
dewatered in aseparate chamber, and 
sent for incineration or landfill. In both 
cases, precautions have to be made to 


this material. To kill the pathogensin 
dewatered sludge, hydrated lime Ca(OH ), 
or quicklime CaO is added to it to produce 
bio solid fertiliser. 


chamber where the fat and grease rise to the surface. 
Pumps take away this fatty scum, to tanks where it is 


collected and removed. 
FA, = 


4. Primary 
clarification 
These tanks allow 
any fat, grease or oil 
torise and for sludge 
tosettleat the 
bottom. Scrapers 
send the primary 
sludge downwards, 
where it’s collected 
and pumped for 


further processing. 


5. Aeration 

Airis pumped into 

this tank to encourage 

the growth of aerobic 
microorganisms. 

They feed on 

the organic matter 

that remainsin the 

7 waste from the 
| primary clarifier. 


ore 


idea 
=i 


_ 






10. Gases 

When sludge is being digested 
and dried it produces a mixture of 
gases, which mainly consist of up 
to 70% methane and 30% carbon 
dioxide, along witha small 
amount of nitrogen and 
hydrogen. These gases can be 
collected and used to heat the 
sludge or power the plant. 


lution of the environment by 
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“The larger the wave line, the 
stronger the earthquake" 
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a Beer pumps are pressurised 
systems used to transfer beer 
from its transportation keg, 


cool it via a refrigeration unit 
How is beer transported from keg to glass? 





and deliver it to taps. The central 
componentis the chiller unit, a multi- 
compartment tank filled with liquid 
glycol (commonly used as an antifreeze), 
through which coiled pipes are wound. 
Through these pipes beer is drawn by the 















4. Expeller unit’s pump, cooling it as it goes through 
Heatremoved through the glycol tanks until it reaches drinking 
esas ra al - temperature. Glycol is used rather than 
carried outside and : 
dispersed througha water due to its much lower freezing 


fan-driven expeller. point, allowing beverages to be cooled. 










Bottled beers are cooled in 
separate refrigerator units. 
These are either independent 
refrigeration units or are directly 
| linked tothe chilling unit. 







5. Taps 

Taps range from traditional beer handles 
to electrically powered swan-neck faucets. 
They are sometimes fitted with a device 
called a ‘sparkler’, which splits the beer 
stream like a shower head to increase the 
head and reduce immediate acidity. 


a 


















1. Cask 


Beer is transported to the breweryin 
stainless steel casks. These are specially 
treated to reduce internal chemical 
reactions and are fitted with top-mounted 


valves for pipe attachment. —- 
& 
& » 
3. Pipes 
Due to the distance 
» « BD between the chiller 
(usuallyin the basement) 
2. Chiller and distribution taps, 
Modern bar engines centre ona chilling delivery pipes tend to 
unit, which draws beer from casks and be insulated or actively 
chills it to an optimal drinking cooled to ensure that 
temperature, as with a refrigerator. Heat beer oe cool 
is transferred to an external expeller. during delivery. 





















P waves How to read a 
The first squiggles are the 


primary waves, which push seismogram 


and pull the Earth and arrive What do the lines produced bya 
first at up to six kilometres (3.7 seismograph actug 






Seismographs 


The machines that allow even the 


igi miles) per second. 
tiniest quakes to be recorded Surface waves 
Slower than Swaves, surface 
Aseismograph is an instrument that is capable of measuring waves move the ground 


horizontally (Love waves) and 
vertically (Rayleigh waves). 


the intensity ofan earthquake by recording seismic waves, 
producing a digital or analogue printout of the scale of vibrations 
” knownasaseismogram. 


The basic principle of a seismograph is that a pen fixed toa stationary Frequency 
pendulum hovering above a piece of paper will drawa line of oscillation as -¢ The closer the lines are 
the ground beneath it moves in an earthquake. The larger the wave line it neo a 
draws, the stronger the earthquake. However, this method is restricted to helpine to locatetive 


archaic seismographs, which commonly weighed upwards ofa ton in order to 
overcome the friction between pen and paper and produce a visible reading. 


earthquake’s epicentre. 


Most modern seismographs employ electromagnetism to reduce the size Amplitude S waves 
and improve the accuracy of the seismograph. A coil wrapped around the The height ofa lineis the Larger lines denote secondary 
pendulum creates an electric current within a magnetic field, which can amplitude of the wave, where waves, travelling 4km (2.4 mi) 
be amplified electronically to produce a magnification of the vibrations larger lines correspond to the per second and moving the 
as high as1million times and reduce the pendulum weight needed to more destructive waves. Earth from side to side. 
overcome friction. 
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Lav Dunny Class Duo Sustain 
1 ‘Lavatory’ comes from Latin ‘Dunny’ is the Australian term The precursor to the modern One of toilet’s more recent Due to large amounts of water 
‘lavatorium’, which comes from for an outside toilet. The word flush toilet was invented by advances has been the used per person each day on 


derives from the British word 
‘dunnekin’, meaning dung 


‘layo’, which translated to 
modern English means ‘I wash’. 


English courtier John 
Harington in 1596. However, it 


‘duoset’ flushing mechanism. 
The first gives a smaller flush 


flushing (90 litres/19.8 gallons 
on average), rules have been 





Today, the word describes a house. The person who empties didn’t enter widespread use for urine, while the second introduced to reduce the 
washing/bathing area. it is called a dunnyman. for another 300 years. gives a larger flush for faeces. amount used by toilet systems. 
OPE VARINA The first poy toilet in the United States was installed in Terre Haute, Indiana, in 1910 






















Handle Overflow tube a 
When the To prevent the tank Th fh el cose, ; 
handle is from overflowing, an f 
pushed the fill overflow tube carries O © aly S 
valve opens, water into the bowl. Woter creates 
allowing 
water to refill | Vad C L] | / j ) 
the tank. Chain 
Connected to the toilet’s effect th at 
handle, the chain raises 
the flush valve flapper, ES p Foren i 
allowing water to enter 
the bowl and trapway. © rap Wd Y : ts 
—_ fill Cc ose 
ties ——— For years, a secret 
up from the war has been 
meriaeee raging over the 
proper way to hang 
toilet paper... 
In1989, asurvey of American 
Flush valve habits discovered that 68 per 
flapper cent of people questioned 
Arubber plug, the : staunchly preferred the 
flush valve flapper Rim holes ‘over’ toilet paper 
alows te tank to , rae sean — t 1 orientation. They cited that it 
peomeen tshed. ee helpwatertobeevenly ‘18 €asier tograb, allowsthe 
distributed duringa flush. design to be clearly seen and 
is more hygienic, as there is 
: , less chance the user will 
T on La brush their dirty hands 
hss td ie canrtadanar abanaie Rance ttm against the WC’s wall while 
from the toilet and into tank that bypasses reaching for it. Advocates of 
the trapway. siphon jet adds it grants a tidier appearance, 
power to the flush. 


Toilet techno 
explained 





two main stages. First, in 
order to empty waste from 
the bowl, a complex flush 
mechanism is activated. This section is 
contained within the toilet’s tank-the 
part of the toilet positioned above the 
bowl-and is initiated when a user 
presses the toilet’s handle. Once 
pushed, the handle pulls up a chain 
connected to a flush valve -a rubber 
stopper that acts as a gateway to the 
bowl, siphon and trapway. The water in 
the tank, which has been filled viaa 
filler tube from the mains supply, then 
exits the tank and descends into the 
bowl. It follows a rim shelf perforated 
with equidistant holes, as wellasa 
smaller secondary passage directly into 
the toilet’s siphon - the kinked pipe that 
sits between the trapway and the bowl. 





roughly three seconds, which creates a 
vacuum effect that depressurises the 
trapway, generating a large suction force 
that drags the contents of the bowl down 
into the sewerage system. 

Once flushed, the toilet’s tank needs 
to refill itself for further use. First, now 
the tank is devoid of water, the flush 
valve falls back down onto the gateway 
to the bowl. This reseals the tank. Next, 
the tank filler valve is switched on either 
electronically or by a traditional ball 
cock (a float mechanism that pivots on 
an axle to open the filler valve when the 
water falls). This allows water to re-enter 
the tank through the filler tube, filling it 
toa preset level, as well as down the 
overflow tube to refill the bowl. The filler 
valve is then shut once more, either by 
the rising of the float or by another 





Ever wonder about water closets? 


the tank re-pressurises the siphon 
and trapway, blocking any gases 
and waste from re-entering the 
system. It re-creates a large water 
surface area in the main bowl, ready 
for reuse. 





© Andrew Dunn, www.andrewdunnphoto.com 





unrolls less easily by 
accident and is harder fora 
pet or child to tamper with. 
US comedian Jay Leno and 
advice columnist Ann 
Landers have had their say. 
Leno states that: “if people 
don’t have it right [over], they 
obviously don’t know which 


Here are the facts about flushing... wayit'ssupposedtogo,” 
while Landers writes: “The 
Modern flush toiletsworkin  Thereleaseofthetank’swateroccursin — controlsystem. Finally, the refilling of toilet paper needs to be 


hung down along the wall.” 


OR UNDER? 
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Alternative power sources 


With the Earth's supply of fossil fuels 
perpetually declining, new and exciting 
energy systems are being designed to 
exploit sustainable resources 


Each year the global population 
is increasing at an exponential 
rate, creating a ravenous 
demand for energy. Fossil 
fuels cannot sustain this and 
itis forcing governments across the globe to 
re-evaluate how they are going to provide 
power for future generations. 

Luckily, right now numerous systems are 
being designed and developed worldwide to 
address this issue, demonstrating novel and 





- 
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creative methods of exploiting the renewable 
resources with which the Earth is blessed. 
Harnessing the power of sunlight, wind, rain, 
tides and geothermal heat, these technologies 
are Slowly repositioning the balance of power 
away from finite resources and towards 
sustainable ones, mitigating long-held fears 
over a world post-oil and delivering power 
generation on a domestic as well as industrial 
level. Let’s take a closer look at some of the most 
promising solutions out there. ~ 





An operational Pelamis Wave 
Energy Converter being 
buffeted by ocean waves 
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Hydraulic ram 

The hydraulic rams resist the 
motion of the waves, which in turn 
pump high-pressure hydraulic fluid 
into the unit's hydraulic motors. 






lar 
mace 


Generating power 


from sunlight 

The Odeillo-Font-Romeu 
solar power station in the 
Eastern Pyrenees, 
France. Positioned in 
front of the reflector (out 
of view here} is an array of 
63 flat orientating mirrors 
that automatically track 
the motion of the Sun, 
reflecting incident 
radiation onto the 
parabolic reflector mirror. 
The reflector consists of 
9,500 mirrors that 
concentrate the Sun’s 
rays onto a dark-coated 
furnace at its focus 
(central tower). The 
system is capable of 
producing thermal 
power of1,000 kilowatts, 
andachievinga 
temperature of3,800 
degrees Celsius within 
the furnace. 








The world’s largest wind 
turbine is the Enercon E-126, 
which has a rotor diameter 

of 126 metres. The E-126 
turbine is rated at a whopping 
six megawatts. 


Year-on-year African Greenest Future 
The worldwide investment in Kenya is the current world The current world leader in Recent estimates by 
renewable energy capacity has leader in the number of renewable energy production scientists forecast the world 
risen exponentially year on domestic solar power systems is China, who in 2009 to run out of most fossil fuels 
year, going from $104 billion in installed per capita, with over produced 682 TWh of by 2070, with natural gas the 
2007 to a very impressive 300,000 12-30 watt systems electricity through water, first to go, followed quickly 
$150 billion in 2009. sold each year. wind, biomass and solar. by oil and coal. 
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Heave hinged joint 
The position for the section’s 
horizontal axis joint. 


Ly 
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Motor/generator set 
The hydraulic motor converts 
the hydraulic fluid pumped 
into it by the rams into torque 
and rotation in order to drive 
the unit’s generators. 


The Pelamis Wave Energy 
Converter from Pelamis Wave 
Power isa system designed to 
generate renewable electricity 
from ocean waves. The system 
consists of asemi-submerged, 
articulated structure (180 
metres long and four metres in 
diameter) consisting of 
cylindrical sections linked by 
joints. These joints, under the 
pressure of wave-induced 
motion, move and are resisted 
by hydraulicrams, which 


Asecond-generation Pelamis Wave 
Energy Converter at the European 
VE Vebelen elses AG eleeome)erentay 
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Sway hinged joint 
The vertical axis is connected here 
to the Converter’s other sections. 
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High-pressure accumulators 


This allows the Pelamis’s pump 


mechanism to be a manageable size 
and also to operate quicker, allowing 


it to moderate demand and smooth 
out the wave’s pulsations. 


pump high-pressure fluid 
through hydraulic motors to 
drive electrical generators and 
produce electricity. This 
energy is then fed from each 
joint down an umbilical and 
then carried back to shoreina 
single large seabed feed. Each 
Pelamis Converter is rated at 
750kW and on average a unit 
will produce 25-40 per cent of 
that rating annually, whichis 
the annual electricity demand 
for roughly 500 homes. 





generators convert 


the rotational 
‘lhssulliulia@tatu. | 


rotor Diaces WiLoO 


electricity. 


Twin-axial 
CoS PP 
Measuring 

16 metres in 
diameter, SeaGen’s 
rotors are huge and 
sport a patented 
system that allows 
their blades to be 
e}ikegrse Rap lgelece la) 
180 degrees. 





The SeaGen tidal generator from Marine Current Systems is an 
operational - albeit prototype - tidal system based in Strangford 
Narrows, Northern Ireland. The system consists of twin 16-metre in 
diameter, submerged axial-flow rotors, which are attached toa 
central machine and control tower that is fixed to the seabed. Both 
rotors on the SeaGen sport a unique feature that allows the blades to 
be pitched through 180 degrees, allowing them to operate in both 
tidal directions. Appearing like an upside-down submerged 
windmill, SeaGen works by 
converting high velocity 
currents into usable electricity 
throughout the tidal cycle - 
much like howa windmill 
utilises the power of the wind to 
rotate its sails. Indeed, its large- 
scale rotors — aided by the 400 
million gallons of water that 
flow past it twice a day-can 
develop a rated power of 1.2 MW 
ata current velocity of 2.4m/s. 
This gives SeaGen the ability to 
deliver about10 MW per tide, 
which annually amounts to 
6,000 MWh of energy. 


SeaGen is capable of raising its 
rotors out of the water in order to 
make maintenance easier 
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\ WeaKe “The Roscoe Wind Farm in Texas 
TECHNOL OGY has on epic 627 turbines” 


Wind turbines 


Taking the os capabilities 
of windmills to the next leve 


One of the world’s most developed 
renewable energy systems, wind 
turbines take the mechanics ofa 
traditional windmill and upscale 
them dramatically in order to extract 
energy from wind and convert it into on 
electricity. The most common wind ’ 

turbine in production is the horizontal 

axis variety. These consist of a main 

rotor shaft and electrical generator at 

the top of large, tapered, cylindrical 

towers. This type of turbine works by 

allowing the wind to rotate its three 

fixed blades in order to generate 





mechanical, rotational energy, which 7 
is then in turn converted into 

The turbine’'s generator, gearbox electrical energy by the installed 

and yaw-control mechanism are electrical generator. The slow-to-fast 

housed here. rotation of the rotor and blades is 
aided by an installed gearbox, which 

J a allows fora smooth transition in 
4 speeds dependent of wind strength. 


Wind turbines are often installed in 
areas of high wind -such as coastal 
areas - en-mass in massive wind 
farms, the largest of which in the 
world is the Roscoe Wind Farm in 
Roscoe, Texas, which has an epic 627 
turbines and total installed capacity of 
781.5 megawatts. 


) ——Z 





= Generator Gearbox 
The turbine’s generator converts the rotor’s Helps initiate the rotor’s movement and 
rotational energy into electrical energy to then aids Rs velocity dependent on wind 


be sent to the grid or storage device. speed to maximise energy conversion. 


Inside a 
turbine 









Blades 

The turbine’s rotor blades are often 

Nacelle adjustable, allowing for their angle of 

The direction of the nacelle is dictated by a attack to be adjusted dependent on 
yaw control mechanism and it is designed to wind direction. This allows the turbine % 
be as streamlined as possible in order to to collect the maximum amount of — & 
reduce turbulence behind the turbine. wind energy for the day or season. = 


1. Solar 


Solar panels offer an 
established form of energy 
generation on a domestic 
level. However, they are 
expensive and are only useful 
when the weather is fine. 


2. Wind 


Small wind turbines can be 
bought and attached to the 
roof of buildings to supply a 
small amount of electricity 3 
each year. They are cheap but 

currently inefficient. 


Jee se, 516) 3. Water 


wo) \f you are lucky enough to live 
by a stream or river, small 
water turbine generators 
allow you exploit its gentle 
amble for a small and 
ensured power return. 


MOST EXPENSIVE 





Head 
to Head 


DOMESTIC 
RENEWABLE 
ENERGY SYSTEMS 
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AGAMA Two solar updraft towers have been approved for construction so for, one in Namibia and the other in Spain 





Geothermal energy is power 
extracted from heat stored inside the 
Earth. The heat is generated from 
radioactive decay, volcanic activity, 
core convection and solar energy 
absorbed at the Earth’s surface. 
Geothermal power plants work by 
pumping water down a borehole into 
hotspots a few kilometres beneath 
the Earth, then forcing it out ofa 
second borehole into asteam turbine 
to produce electricity. 

A diagram of a geothermal power plant 
showing the drilling of a borehole to a depth 
of Skm. At this depth, a layer of water has 
_a formed from rainwater draining through the 


ground (biue arrows). The water is heated by 
magma, and the borehole enables the energy 


of the heated water to be extracted. 
A. Injection well 
= B. Hot water to district heating 
C. Porous sediments 
D. Observation well 
E. Crystalline bedrock 





goo™ 


1. Tower 

The central tower acts as a flue to 

draw hot air through the turbines, 

as well as housing the plant's ‘ ? f 
machinery and generator. 


4. Turbines 

The updraft tower is fitted with multiple 
turbines at its base that suck the hot air 
inwards from under the collector 


membrane to generate electricity. 


2. Thermal storage 

During the day the Sun’s rays heat air under 
the collector membrane to high levels. At 
night heat radiated from the ground is 
better contained under the collector. 
















3. Collector membrane 

This is made from clear plastic, and while 
allowing a large proportion of the Sun's 
rays to pass through it without reflection, 
almost completely traps the heated air 
beneath it, adding an accumulative effect. 


PARERERSD 
Solar updraft towers 


An elegant system to exploit solar energy, the 
solar updraft tower works by combining the 


aicebitcb@antcseleccbeccmrere@emmaatceletcse 
convection and the chimney effect, causes 
the hot air to be sucked in towards and up the 
central tower. As the hot air travels up the 
tower the airflow drives a selection of 
nbbae)betccRaerel@benavigeme)celeltlacka (aaa @iays 
Definitely one to watch in the future... 


chimney effect - where cold airis drawn 
upwards by reduced local pressure —-the 
greenhouse effect and a wind turbine. The 
ele (cm O)E-DalM@UUOleeoBehanec]e)enere-timalcclecleme)y 
the Sun undera large greenhouse-like 





How It Works: Energy efficiency is 
crucial for solar cells, how efficient 
are Sanyo Solar’s modules? 

Kamil Shar: The energy conversion 
efficiency for modules is essentially the 
barometer for quality and this is really 
the core feature of our product, offering 
a lot of value for the end users ona 
domestic level. It is the residential 
market that we are focusing on primarily 
and the reason for that is because of the 
module's high efficiency we are able to 
offer more value in a limited space 
installation area. So your average 
terraced house can only get up to a 2kW 
system size and if they are trying to 
achieve that with lower-quality modules 
they wouldn't have enough space to 
make that installation. With our new HIT 
modules we can achieve a record energy 
conversion efficiency of 23 per cent at 
the R&D level; on a domestic level 21.1 
per cent. 


HIW: How has the conversion 
efficiency for solar panels 

been progressing, has it been 
developing incrementally? 

KS: It has been incremental. Previous to 
that it was around 20 per cent and 
before that the number rose fast only in 
the last five to ten years. That is mainly 
due to the amount of investment we are 
putting into our R&D, as the market has 
grown massively over the past couple of 
years in Europe. 


HIW: What level of power is one of 
your modules going to provide the 
average domestic consumer and 
how is created energy used? 

KS: The way that the system works in 
the UK as of 1 April 2010 is we have a 
subsidiary system called the feed-in 
tariff and how that works is that if you 
have a solar installation on your roof it 
will be connected to the national energy 
grid. So, any electricity you are 
generating and not using will be fed back 
into the grid. The dynamics of the feed-in 
system benefit self generation as the 
government has set a tariff of 40 pence 
for every kW hour of electricity 
generated and that amount is paid to the 
system owner whether they use the 
electricity or not. 


HIW: So the user isn’t generating 
electricity that can only be used in 
their own home, it can be fed into 
the grid and used anywhere? 

KS: That is correct. However, if there is 
an electricity demand in the house when 
the electricity is being generated then it 


Interview 


How It Works spoke to Kamil 
Shar from Sanyo Solar about 
the exciting new sustainable 
systems becoming available 
for home use 


will be used to power that household. 
But if there is no one in at the time or no 
energy is required it will be fed into the 
grid. So what we are suggesting to 
people who invest in our systems is that 
they should alter their energy habits to 
generate electricity and use it during the 
daytime, as it is free and also grants you 
the tariff all at the same time. 


HIW: In Britain it is not particularly 
sunny, would that jeopardise the 
21.1 per cent conversion efficiency? 
KS: The figures are generally measured 
based on industry criteria so all module 
manufacturers would have to conform 
to certain criteria when they are 
measuring cell conversion efficiency, 
that way everyone is on an even playing 
field and we are not promoting statistics 
from Spain in the UK. So, yes, dependent 
on conditions there'd be fluctuations but 
they are impossible to quantify, as we 
wouldn’t know how much light there 
was one day to the next. 


HIW: How efficient can silicon solar 
cells actually become? It is currently 
21.1 per cent but is there a 
theoretical cap or barrier that 
cannot be overcome? 

KS: Currently, 29 per cent is the 
theoretical maximum for these 
crystalline-based technology. 


HIW: When do you think that figure 
is going to be hit? 

KS: It’s very hard to predict as the closer 
you get to 29 per cent the harder it is to 
achieve it. It will be achieved, but will be 
dependent on technological 
advancement and R&D investment. 
However, with even a current solar setup 
now, such as our module and system, 
users would see a positive return on the 
initial outlay after eight to ten years and 
then for the next ten to 12 years, 
because the feed-in tariff is fixed for 20, 
they’d be generating income of roughly 
ten per cent the initial outlay, all the 
while benefiting from free electricity. 





_——_ ~ _ _ 


One of Sanyo Solar’s 21.1 per 
cent efficient HIT modules 
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Desperate times call for 
desperate measures 
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Can openers 


Crucial for extracting tasty foodstuffs, 
can openers have developed evermore 
refined and easy-to-use designs 


Rotating wheel, plier-grip can openers work by 
transferring the rotational movement of their key 
handle - which is rotated by the user -into a circular 
cutting wheel in order to pierce and cut the lid. To do 
this the opener uses a system of three gears: two spur gears to 
transmit the rotational motion of the key to the cutting wheel - 
which can also step up the force applied - and one feed gear to 
guide its cutting path round the rim. 

In order to further stabilise the grip of the can between the 
feed gear and the cutting gear, the plier-type handle also allows 
the user to transfer tension to the cutting plane. The cutting 
wheel tends to be made from high-grade steel capable of 
breaking the resistance threshold of the softer lid material and is 
manufactured with sharp, tapered edges fora clean cut. 





1. Cutting wheel 


The sharp spherical wheel 

designed to pierce and cut the 

can’s lid. The wheel is made from 
_ high-grade steel for a clean cut. 





; : 


2. Spur gears 

The spur gears transmit 
dnr-BaelaaligceMie)ge-8-|8)e)|(-e Rc) 
the key handle into the 
feed and cutting wheels. 
On certain models they 
can also step up the force 
FleyeliineMagelidis|\iiale Mi mie) a 


3. Feed wheel 

The feed wheel helps to grip 
the can in the correct way 
and guide the cutting wheel 
around its circumference. 
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‘An artificial hip provides gq new 
ball for the femur bone” 


Con opener mechanisms / Hip replacements 


. 7 
. . a 


3. Pelvis 

A plastic socket is placed in 
the cup of the pelvis, into 
which the replacement 
femoral head slots. 


4. Movement 
The metallic joint will 
move like a normal 
hip, although it may 
take some time for 
the patient to adjust. 





1, Femoral head 







articular cartilage that allows 

the joint to function without 
incurring damage, soa 
replacement joint must mimic this 
action. The new joint is made of 
strong and sturdy metals that 
contain little to no iron-suchas 
chromium or cobalt -so rust is 
minimal or nonexistent. 
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The head of the thighbone (femur) 
plastic sia gpl 
the movement of normal hip joints? 
within the body. A hip 
the upper thighbone, or femur. 
ball-and-socket joint is replaced 
replacement, knownas 
connects to the pelvis. 


is replaced with a prosthetic part, 

Artificial hi 

18 The hip acts asa 

socket works by 
When the original joint becomes 
witha prosthetic joint made of 
arthroplasty, involves removing 
Anartificial hip providesa new 


usually made of the lightweight 
How do these replacement hips mimic 
ball-and-socket joint 
forming a cup around the ball of 
damaged and unusable, this 
metal and plastic. The process of 
the part of the thighbone that 
ball for the femur bone, whichis 








and attaches to the 


The upper thighbone jointis 
new femoral head. 


originally made of tough and sleek 


usually made of the lightweight ~)  2.Femur 

replacement pelvic socket is 2 titanium prosthesis 

composed of the same material. 5 replaces the femur 
8 


—- 
Paani 















Harp Tense Super-grand Spruce Chamber 


Inventor Bartolomeo Cristofori, 2 By the late-19th Century piano 3 The largest piano to buy is the High-quality pianos use The piano was wildly popular 
y named his invention the string tension had been Fazioli F308, a grand piano quarter-sawn, defect-free in the 18th Century, spurred by 
! gravecembalo col piano e forte, determined at 16 tons, over 3.08m. A fourth pedal spruce boards to make their musicians such as Mozart and 
translated from Italian to however due to developments brings the hammers closer to soundboards. The spruce is Clementi. It became the 
English to mean ‘harpsichord in the 20th Century, 30 tons is the strings, decreasing volume dried over time for the best instrument of choice for 
with soft and loud’. now possible. while maintaining tone. vibration and energy transfer. chamber music and concerts. 


The invention of the piano Is credited to Bartolomeo Cristofori in 1709 


How does a 
piano work? 


















What goes on inside one of Soundboard Helps transmi 
i The soundboard converts the on vil 
the most popular musical vibrational energy of struck womens 
: t t th ] t? strings and amplifies their sound. st into the 
instruments on the planet: | _ scolar 
Pianos work by transmitting the vibrational energy P tar CG efficiently as 
F * . ° « : “ 
of taught wire strings into a soundboard, which in = possible. 
turn converts the vibrational energy into sound. The 
piano achieves this through bothits construction 
aes ; —- Dampers 
materials and action mechanisms. Pianos consist of five main Hammers ea till calbende wed 
parts: the frame, soundboard, strings, hammers and keys. Fixed to the nl onto strings to stop 
The frame is constructed from metal and serves asa stable, of ee them vibrating 
immobile platform from which its strings (metal wires) and : kei, eam totally, dropped to 
dboard (vibrati d : hani Pans elongate vibration 
soundboard (vibration to sound conversion mechanism) can mechanism, a “sb 
vibrate efficiently. Steel is used as it helps mitigate unwanted hammers aiadad effect 
vibrational energy being transmitted to the rest of the piano strike its 
and surrounding area, a problem that leads to distortion of strings 
es ; to vibrate ~ 
produced sounds. The hammers act asa striking mechanism, i avounil < me 
and when the piano’s keys are pressed by the player, they rise create sound. “Ss 
to strike their corresponding strings in order to produce 
vibrational energy. 

The physics of the piano work ina chain-reaction. Whena Strings 
key on the keyboard is pressed, a complex system of jacks, pivots High carbon steel 
and levers raise a Suspended hammer upwards to strike an Strings vibrate when 
overhung string, as well asa string damper (a felt block) that, struck. They vary in 
once the string is stuck, comes into contact with the string and construction, with 

ee ‘ bass strings made of 

ceases its vibration. In the short time between the hammer CEPA PPR M 
striking the wire and damper ceasing its motion, the vibrational in wire, but vary little 
energy is carried down the string and over a ‘bridge’, a raised Mechanism in diameter. 
bridge-shaped structure over which the string is tightly A complex arrangement of wooden and 
stretched. The bridge receives this vibrational energy and metal pieces that transfer the key 
transfers itinto the piano’ssoundboard,a wooden boardchosen __ Pressing action of the player into the 
for its resonant properties that through the principle of forced sili it iain lin Frame 

: ‘ Made from the finest 
vibration vibrate at exactly the same frequency of the struck Pedals 

‘ = : hardwoods and metals, 
string. Consequently, due to the large, expansive size of the The sustain pedal sustains all notes, v tric ices menace ei tis 
board, the quiet tone created by the string is increased, and the sostenuto sustains certain notes immobile - but often 
produces a loud note. while the una corda shifts the action P highly ornate - platform 

assembly to the right so multiple 4 for the soundboard to 
strings are stuck by one hammer. vibrate within. 


© Gryffindor 


The three standard pedals ofa grand 
piano: una corda, sostenuto and sustain 


7 





classic example ofa grand 
piano, fitted with soft, 
muffler and damper pedals 
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Fridges 


Refrigerators are 
one of the most 
vital household 
appliances, 
keeping food 
cool and fresh. 
But how do 

they work? 


To achieve their cooling effect 
fridges rely on the simple 
notion of evaporation, 
absorbing heat when a liquid 
changes its state. This evaporation is the 
central principle of the refrigeration 
cycle, a perpetual loop in whicha 
refrigerant is forced to change state in 
order to invoke heat absorption. 
The cycle begins with the refrigerant in 
a vapour state, which is then pressurised 
in aninternal compressor. This 
compression forces the refrigerant to heat 
up before being sent outside the fridge 
into a condenser and expelled into the 
surrounding area, cooling the refrigerant 
vapour in the process and condensing it 
into a highly pressurised liquid state. 
This liquid is then sucked throughan 
expansion valve and back into the low- 
pressure fridge compartment causing the 
refrigerant to boil (refrigerants have low 
boiling points), vaporise and dropin 
temperature, cooling the compartmentin 
the process. The cycle then begins again, 
with the low-pressure refrigerant vapour 
being sucked up into the compressor. 


~ 3, Condenser 


© Meggito 
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How your food 
stays cool 





“Fridges rely on the simple notion of 
evaporation, absorbing heat when 
g liquid changes its state” 





5. Compartment 

As it boils (refrigerants have low 
boiling points) the refrigerant 
vaporises and cools the main 
compartment of the fridge before 
being sucked back into the 
compressor to begin the cycle again. 





4. Expansion valve 
Once condensed, the liquid 
refrigerant is sucked into an 
expansion valve and back into 
the low-pressure fridge 







>. 







oe, 





a i 


é 


Ly 





7, 
M111 


YUM 


the refrigerant is in vapour state. 
Once hot and highly 
pressurised, the vapour is 
channelled outside the 2. Compressor 
fridge into a condenser, An internal compressor then 


cooling it into a high- 
pressure liquid. 


pressurises the vapour, heating it 
up massively in the process. 


1. Eiffel Tower 
The 7,300-ton, 324m 
(1,063ft) tall tower was 
designed by - and named 
after - Gustave Eiffel. It was 
the tallest man-made 
structure until 1930. 


Head 
to Head 
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2. Statue of 
Libe 


The 93m (305ft) tall, 
torch-bearing statue 







* glee crown of the statue. 


opened in 1886 to visitors 
who can sightsee from the 


3. Sydney 
Opera House 
After 30 years of planning 
and building, this was finally 
opened in 1973. Its unique 
shell-like roofing has made 
it an icon of Australia. 





PE VACA It takes 5ooW to rotate the London Eye fully loaded with 800 people. That's the power used by six light bulbs 





The EDF Energy 
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The structure 


SS Rim 
J <> -% TherimoftheEyeis 
London Eye ine Se 
y At hundreds of steel 
" \ +e a tubes welded 
Aworld-famouslandmarkthat —_ Spoke cables Ae By foreulee 
° ° m areattached ee 7 7 
castsaniconiceyeoverLondon — yaraintcabies. there ations sections. 
The London Eye was designed to celebrate the are eightrotation cables, “\ B> 
: which apply tension | ~) 
arrival of the millennium. It took seven years udhadt haw hestniminii eS + 
to design and build and opened to the public one direction, and / oe) 
on 9 March 2000. eight cables for the : i \ oan 
The Eye was such a unique engineering task that opposite direction. Boarding Ar | 
different parts of it were built throughout Europe. The , . pr ” stl that =, 
capsules were built in France, the main structure in Hub and spindle — : | re ae. 
oP: ad passengers board the mo ame) 
Holland, the cables in Italy, the hub and spindle in the The2z3m (75ft}Hong cast steel . A | rotating wheel inan Lr 
Czech Republic and the rim bearings in Germany SO erat orderly fashion. sd 
° sections welded together. | 
The whole wheel was assembled horizontally over the x. 
River Thames, next to Jubilee Gardens. The riverbed had to Capsules Restraint towers 
besurveyed in detail before work platforms could be put Rotate in opposite direction . Two towers guide therim 
in place and they had to make sure they didn’t disrupt any to the main wheel to keep asitnears the platform, 
river traffic. The rim was built in large sections that were level. Each hasan entry door . andcarryhydraulic 
floated up the Thames on barges. The height of the river at the rear of the capsule. . pee oat as tohaltit 
had to be monitored, to ensure that they could pass under Compressio n/ Ss in high winds. 
any bridges on the way to the construction site. tension base A® 
Europe’s largest floating crane, the Taklift1, lifted the The former supports «< < 
sections from the barges onto the work platforms, where the A-frame structure 
they were attached to the hub and spindle by steel cables. while the latter acts ‘ 
The A-frame legs of the structure are set in 33m (108ft)-deep aS 
; : the back-stay 
concrete foundations and are hinged at the base. Once the cables. 
main A-frame was fixed to the hub and spindle, the hinges 
allowed the whole1,900-ton structure to be lifted into its Pier and collision 
vertical position. It took a week to lift the wheel in several : protection — 
stages into its present position. Tension cables set in 1,300 BE These are designed to protect the 
tons of concrete foundation were used to anchor the wheel wheel from any river vessels that 
in place. Capsules were then fitted to the outside of the rim. A-frame legs might accidentally hit the structure. , 
The rim is rotated by sets of standard lorry tyres Back-stay cables These support the1,200-ton 
powered by hydraulic motors. As the wheel turns in one Four ottheciica ics anchor structure. They stand at anangle 
direction, the capsules have their own motors to slowly and stabilise the A-frame to of 65° and are 58m (19oft) high and 
rotate them in the opposite direction to keep them level. its concrete base. 20m (66ft) apartat the base. 
Rotation of the Eye 
Passenger Capsules -Mainwheel ___ Driving the rim 
Ca p SU i (oe, The toothed wheel of The wheel rotates . : Four sets of drive units 
the drive motor - roundthehub,which © consist offourlorry 
engages with the - consists oftworingsof — tyres. They grip either 
1. Circularrings are attached to the circular rails that _rollerbearingswitha — sideofthe flatrunning 
outside rim of the wheel. surroundthecapsule, — lifespanofsome - beam thatrunsalong 
rotating 360". : 200,000 hours. : both sides of the rim. 


2. The rings each containa circular- 
toothed rail. 


3. An underfloor motor drives the 
toothed rail to keep the capsule 
level as it rotates. 


4.The32 panels of glass on each 
aerodynamically shaped capsule 
consist of two sheets of 6mm (0.24 in) 
glass that sandwicha layer of high- 
strength clear plastic. 


5. The capsules contain their 
own temperature and air- 
conditioning systems. 


I 


~* 6.Eachcapsuleis fitted with camera 
iy _ andradio links to the ground. 








091 


technol 


From the B-2 to 
Batman, the 
look and feel of 
modern 
wartare has 
been visibly 
changed by 
stealth 
technology 
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Stealth technology refers to a range 
of different industries in pursuit of 
one goal: that of making objects less 
visible. For hundreds of years, 
visible referred to the purely optical. However, 
after WWII proved radar’s effectiveness at 
detecting faster-moving assaults, it was clear 
something had to be done about it. Ata stroke, 
stealth came to include all forms of visibility, 
from sonic to infrared and of course radar. 

Radar cross section (RCS) isa measurement of 
how detectable an object is to radar: the higher 
the RCS, the more visible itis. RCS can be 
reduced in many ways, from designing less 
prominent shapes to inventing less pervious 
materials or simply coating the object in 
reflective paint. 





Altering the shape ofa craft to minimise 
RCS involves examining every single part of 
it- from the wings and tail that protrude the 
furthest, to every bump on its surface or 


accessory that might generate a radar signature. 


The first aircraft to benefit from this approach 
was the U-2 spy plane, which proved highly 
effective at evading Soviet detection during the 
early Cold War. Astring of stealth aircraft 
followed, from the Lockheed Martin F-117 to 
today’s fourth-generation jet fighters like the 
F-22 Raptor. 

However, RCS - for all its merits—is onlya 
measurement of static visibility. As a craft 
moves, it constantly displays different angles 
and surfaces. For this reason, shape shifting is 
not the only focus of stealth technology. 






Sea Shadow 
Manufacturer: Lockheed 
Length: 50 metres 
Displacement: 572 tons 
Top speed: 28 knots 
Crew: 10 
Decommissioned: 2006 





_ Crew space 
With room for only 12 bunks, 
a microwave, fridge and 
table, Sea Shadow was 
clearly not built for comfort. 
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1. Zumwalt-class | 2. HMS 3. FS Surcouf 
Destroyers Helsingborg 

The US Navy's next stealth Sweden’s much-heralded 
class (due in 2013) will take stealth ship took 14 years to 
the place of a battleship with show up and still lacked some 
optional railgun (as soon as 
someone builds one!) 


The French navy’s La 
Fayette frigate class set 

the stealth boat standard of 
clean superstructures, neat 
key features when launched Pe angled sides and radar- 

in 2009. © Frank Dubey absorbent materials. 
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Radar-gbsorbing materials ore substances that con be added to existing objects to make them less visible 


Radar-absorbing materials (RAM) can be added 
to an existing object to make it less visible. 
Compared to the vast costs of engineering new 


Colour me 


How not to invisible 









shapes or materials, RAMs can make a significant Ghillie suits are 
difference for relatively little money, which is why ce seen pu guar or grey 
all stealth vehicles now make use of them. reloent Are 
coloured to match ary 
The cheapest and most widely available RAM is Before stealth there terrain: nian Qnaatt 
iron ball paint, a coating of tiny iron or ferrite- was camou fl a ge ss or arctic conditions. 
coated spheres that converts radar energy into : 
heat that can be naturally dissipated by the object but only ju st All stand 
being concealed. After coverings, there are linings Camouflage was a relatively recent ee tt re ' 
such as foam absorbers, which are used to line any addition to human conflict, developedas by auiiae a iad 
enclosure that needs to be insulated from late as the Boer War (1899-1902). Theneed _spotterstoavoid 
electromagnetic radiation. Made from layers of forsoldiersto remainunseenresultedin  detectionwhile 
carbon-injected foam, absorbers can be cut to a variety of materials, colourings and moving, stationary 
virtually any thickness or size, making them cost styles being developed to help them and lining up the shot. 
effective, but not particularly portable. blend into various terrains, the most Stick-men 
Finally, there are custom-built casings and famous being the ‘ghillie suit’ (modelled Camouflage relies on 
coverings such as Salisbury screens -a three-level on the right). As snipers came to be used colour and texture. It 
design consisting ofa metallic ground plane, a as spotters for artillery or laser-guided may feature mud, 
tcali . . twigs or leaves from 
precisely engineered electrical insulator anda strikes, most recently in the Gulf Wars, seresin thaithoations 
thin, glossy screen. Salisbury screens and their the camouflage vacininines Hine 
bigger offspring Jaumann absorbers work by > “ea” upon which they 
splitting the radar wave into parts, which are then fORS 4 . relyis Spots or stripes 
either diffused or cancelled out by other . ke 1 more When not hand-made 
reflections of the original wave. Such customised 4 ie important by the sniper, ghillie 
a suits come in several 
casings are highly technical, expensive and . today than 
eens ; pieces, which are glued 
inflexible in the field - one reason why this level av 'S ever Avetiched tna 
of stealth protection is beyond the means ofall before. standard uniform. 





but the most valuable of consignments. 










Hang on a moment... 








Lonely at the top 
Despite its futuristic styling, ph oe veseen ie 
the US Navy has been trying Shadow before, itwas the 








inspiration for the stealth 
ship in the Bond film 
Tomorrow Never Dies. 


to donate Sea Shadow toa 
maritime museum since 
2006... without success. | 





camouflage 


Some animals can 
change their colour, so 
why can’t we? 


Active camouflage works by mimicking 








¥ 
- »- ' datemoy-(elce-aceleperemcciaccdbemmelelt 
approximately (asa ghillie suit would 
; SWATH hull Pee aa ei aed 
nae but precisely, including changes that 
Sea Shadowis built around 
twosubmergedtwin hulls, occur to the background itself - for 
each with their own propeller, — instance, day becoming night. There are 







stabiliser and hydrofoil. many ways of approaching this, most 
have relied on the way the object is lit or 
the way it reflects light back. Recent 
advances in organic light emitting 
diodes (OLEDs) promise to allow 
virtually any image to be projected onto 
virtually any surface. This would 

Jf revolutionise active camouflage, but we 

are at least several years froma 





—— functioning adaptive ‘stealth suit’. 
Sea Shadow} £ | Bete 
= : eet me now?” 
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Twostruts connect the hull = ; ~— = Never fully rale)eebeaticrsy(e)else| by the US Navy, 
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> .  totheraisedsection ofthe : : , ae oe 
SE ship. Thisgivesstabiltyin ay ~~ Sea Shadow was a working concept of he = 
waves of up to six metres. ~~ +  — ‘ | oy Ee > a , , 
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“Nothing has matched the F-22's 
speed, blisterin LED over and state- 
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How to stay under the radar 












Even more fins 

The vertical fins also contain 
the Raptor’s steering rudders, 
more antennas and sensors 
used for target acquisition 
and communications. 










Vertical fin 
Like the F-22's body, the 

vertical fins are carefully 
angled to minimise RCS. 


Horizontal fin 
The horizontal fins also 
actasa heat shield for the 
exhaust, helping reduce its 
thermal signature. 


Sidewind echt he tt 


Wings 
The titanium and composite Launch bays must be ~~ 
i wings feature large edge flaps concealed for stealth. 
[a el that make the F-22 capable of Sidewinder missiles, for 
extreme angles of attack of instance, are ejected from 
over 60 per cent. beneath the wings. 


This United States Air Force a is still shrouded in secrecy and 
remains the most state-of -t = stealth plane in the sky 


Stealth planes have been around warns the pilot when the plane’s And if you're thinking all this can’t 

since the Fifties, but nothing has radar signature has changedthrough comecheap, you'd be right. In 2006 

matched the F-22’s combination of wear or combat, the F-22 is king. It the cost of the F-22 was estimated to 

speed, blistering firepowerandstate- maynothavethe lowest RCSin the be $361 million per aircraft, its $65 

of-the-art stealth technology. skies, but when combined with its billion programme cost making it one 
Unveiledin1997,theF-22hasmany powerful M61A2 Vulcan Gatling gun, of the most expensive aircraft ever 

technical and design secrets still AIM-120 and Sidewinder missilesand __ produced. Hardlysurprising, then, 

protected by a US export ban. multiple bomb payload, it’s hard to that in more budget-conscious times, 

However, we do know that every bit envisage muchelsestandinguptoit. | the Raptor’sshock-and-awe 

ofthetechnologyitcontainshasbeen  Neitheristhe Raptor's stealth capability was deemed out of kilter 

either designed or tested for stealth. capability all about radar, having with the more modest threats 

From the concealed surface-to-air been designed with five types of America now faces. Asa result, itis The F-35 Lightning II will replace 

missiles to the revolutionary visibility in mind - including due to be replaced in 2014 by the the sigh it completes its 

Signature Assessment System that infrared, acoustic, and radio. smaller, cheaper F-35 Lightning II. Se 
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H ed d DEADLIEST 1. B-2 bomber NOSES 2. F-35 Lightning 8 7.")/>-1) 3. Sukhoi PAK FA 
By no means the quickest, the <=, The F-35 is being lined up to ; Still under development, will 
to Head ~~“ B-2 could still drop 80 500Ib Sal replace the super-expensive > * the Soviet PAK FA's top speed 
guided bombs or 16 B83 c Raptor, thanks to its lower . of Mach 2.1 finally take the 
STEA LTH nuclear bombs in a single cost and versatility, including “ag F-22's ‘ultimate stealth fighter’ 
| pass, probably before anyone ’ both vertical and horizontal crown to Russia? Only time, 


PLANES Mee} we | realised it was there. =) «take-off models. ee and cash, will tell. 





Aircraft shape 


Altering the shape of an aircraft 
is still the most effective means 
of outsmarting radar 


Normal planes 


Radar works by transmitting radio waves outwards 
any reflected energy that bounces can be used to 
calculate the radar cross section (RCS) of the object that 
made it. Stealth planes are shaped so as to allow radar 
signals to be reflected away or absorbed by the 
fuselage, giving the illusion that no object is there. 


Take the strain Air intake 


Structural loads are absorbed For maximum sleekness, The distinctive air intakes 

by five titanium bulkheads even antennae have to be channelair up and around 

running through the F-22’s concealed in the F-22’s wing the engines. Extra intakes 

middle adding to the plane’s and tail sections. concealed inside can be 

significant weight. opened when speed is 4 
needed. 


me eadup display A=) d=] dams) telat 


main flight instrument. Built However, every time an object moves, a different 

by GEC, it’s one of the highest: facet becomes visible to radar. This explains why 

tacts Macrame wits Gepeaye stealth planes are so angular in parts (the nose 

in existence. Pp - parts se, 
wings and tail) yet ultra-smooth everywhere else. 
Basically, anything that interferes with RCS - 
Active Array Radar including weapons systems, engines and antennae - 
The AN/APG 77 radar changes must be concealed or camouflaged. 


frequency more than 100 
times per second to minimise 
interception. 
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AUS export banstill protects many 
of the F-22’s technical and 
design secrets 


© US Air Force 










Germs 
Discover the 
microorganisms 
with killer skills 
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Atomic clocks 

The most accurate time- 
keeping devices in the 
universe revealed 


102 Calories 
Just what is a calorie and why 


should we count them? 





Kinetic energy and 
momentum 

The fundamentals of physics 
in motion explained 


Kidneys 

1 yA | How do these 
remarkable organs 
filter your blood? 










Blood 
The life force of the human 
body and how it protects us 





Teeth 
Find out what your teeth are 
made of and how they grow 








The common 
11 , cold explained 
Did you know there’s 
no cure for the common 
cold? Find out why 
11 Osmosis 
What is osmosis and how do we 
use it in everyday life? 
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Atomic Clocks explained 
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Tate d(omaatsige,yy 


How does blood work? 


lis 





Hair growth 


Discover the biology 
of your hairand the 
nature of how it grows 


Hormones 


11 Find out how the chemicals 
released by our bodies 
can trigger a whole host of 
amazing bodily functions 


116 


Magnetism 
The science of 
attraction revealed in 
depth as we look at the 
world of magnets 


12 
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Acids and bases 
Whatis the pH scale and 
which acids do we use 
every day? 


Toothache 


Discover what 
can cause that 
agonising painin 
your teeth 


Cellulite 

Understand what can cause 
a pattern of little dimples to 
form on the surface of skin 


ies 


explained 
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Chemistry 


fa 


Biology 
> 
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Physics 

General 
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Shockwaves =~ 








Rust Cloning 
Which chemical A genetic marvel, 
reaction causes the techniques that 
metal to turn red? enable scientists to 


re-create life 


Free diving 
Why is it possible for some 
people to hold their breath 


Evaporation versus 
steam 
Find out what the difference 


12 


13 





for minutes on end? 
is between these two states 
of matter? 
Memory 
Discover how to 1 3 Skateboarding physics 
ma ke a memory Which scientific principles 
stick and how to are at work when someone 
recall it at later 


Skates in a halfpipe? 





Evaporation 
vs steam 
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Shockwaves 
Take a look at how it’s possible 
to see sound with your eyes? 


13 
13 


Atoms 

Marvel at these minuscule 
miracles and find out what 
they are made up of 


Diets 


Take anin-depth 
look at the variety 

of different diets 

out there and find 
out whether any of 
them actually work? 
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By the end of his 
impressive and 
accomplished life, the 
industrialist/aviator/ 
filmmaker Howard 
Hughes was undone by a paralysing fear 
of germs. He saw them everywhere: 
microscopic swarms of bacteria, 
parasites and viruses on every surface, 
infecting his body with untold horrors. 
To his credit, Hughes wasn’t completely 
nuts. A close look at even the healthiest 
patch of human skin would reveal a rich 
diversity of microbial life, including 
some bugs with the potential to do great 
physical harm. 

Amicrobe is any single-celled 
organism, whether plant, animal, 
fungus or bacterium. Viruses are usually 
considered microbes, even though they 


er 


aren't cells themselves, but rather 
bundles of RNA that invade and hijack 
healthy cells. Microbes are literally 
everywhere. Your body is home and host 
to hundreds of trillions of microbes, 
inside and out. Your intestinal tract alone 
holds 100 trillion bacteria, far 
outnumbering every tissue, blood and 
bone cell in your entire body. Microbes 
thrive in warm, moist conditions, butare 
some of the only life forms that can 
Survive in the planet’s most extreme 
places, like the glaciers of Antarctica or 
the red-hot plume of an underwater 
volcano. Scientists divide microbes into 
four broad categories: bacteria, protozoa, 
fungiand viruses. Ifa microbe has the 
ability to make us sick (pathogenic), like 
some bacteria and most viruses and 
protozoa, we callita germ. 





Of those hundreds of trillions of 
microbes living on or inside your body, a 
significant percentage of them are germs. 
The good news is that germs typically 
existin small enough quantities that the 
immune system can neutralise them 
before they cause disease. Sometimes, 
however, germ colonies breach our 
defences and flourish. 

The definition of disease is when 
cells in your body stop functioning 
properly. One of the many causes of 
disease is infection, when a germ enters 
the body (through the digestive, 
respiratory or circulatory systems), 
multiplies rapidly and begins to inhibit 
normal cell function. Some protozoa like 
the malaria parasite colonise red blood 
cells and rupture them, leading to severe 
anaemia, while some bacteria like 





Food and drink Medicine Renewable fuel Sewage treatment Warfare 


Fermentation is the process by The most famous fungus in A start-up in California has Water hyacinths have the In 500 BCE, archers would dip 
which yeast/bacteria convert history is penicillium notatum, engineered bacteria to uncanny ability to soak up raw arrowheads in a putrid mix of 
sugars and carbohydrates to the first antibiotic. Penicillin ferment renewable feedstock sewage. Bacteria live on their dung, snake venom, human 
alcohol and CO_. Without these isolated from the fungus (grains, grasses, etc) into roots, breaking down organic blood and decomposing flesh 
germs, we’d never have bread, prevents bacteria from diesel fuel. Ethanol is matter into nutrients the to poison the enemy with a 
beer, wine, cheese or vinegar. forming new cell walls. chemically similar to alcohol. plants can use. potent microbial mix. 


Bar nuts 
The London Evening Standard randomly 
tested bar snacks from six London bars 
and restaurants, and found varying 
levels of bacterial contamination by 
familiar culprits like 
enterobacteria (from faecal 
matter), E coliand coliform 

bacteria. The more the bowl 
of snacks had been picked 

Over, Lhe more tainied 

its contents 
















The 
filthiest 
of the filthy... 


Take a look at which 
everyday items are covered vtesh Lm crs pment So akeng nd whine i 
ith the most bacteria paper money is home to a wide variety of microbes, 
wit ; jets res including traces of pathogenic bacteria like E coli, 
you might bea bit staphylococcus aureus and salmonella. But before you 


° poll alot your casn, note that microvdia! leveis on money 
surprised by the aren't that different to those on human skin. 
results 











Bank note 
reacerit ct lip 


77 V4 








Toilet seat , Ss 2) a 


For most of us, toilet seats are the st te ; *] 

gold standard of filthiness. We ha ; ip 

would sooner drink week-old ay ' by P ti 
it’ 8 2 
i, j 


expired milk than touch a public “ : , 
Mmiet mnour bare harcisiieet are . + . f- ,* 

- “BB bcience Photo Library 
very effective). However, according 
to the experts, not onlyisa toilet seat 
dateka@(arcbs(eci@liceeplersBeleleice 
bathroom (the floor is the worst), but 
it also carries fewer bacteria perinch 
than your computer keyboard or 
your mobile phone. 


\ | 
: Phot >t ite ry i 


“Some bacteria like E coli emit 
COX! MS that d estr OY Ce IIs al OM) : acidophilus, help us better digest and strains of bacteria, including so-called 
the intestinal OF UT Nar U tr octs extract nutrients from food. ‘superbugs’ that spread in hospital 


Unfortunately, the few seriously settings and target the critically illand 
E coli emit toxins that destroy cells photosynthesis, turning sunlight into nasty microbes give the resta bad the elderly. 
along the intestinal or urinary tracts. oxygen. Even today, microbes are the name. Infectious disease caused by Microbial infections are a rightful 
Some ofthe mostcommonsymptomsof miniature factories that regulate and microbial infections kills more cause for concern, but let’s not get all 
disease - fever, vomiting, sneezing, recycle the essential building blocks of people worldwide than any othersingle | Howard Hughes about it. The best 
coughing and diarrhoea —are not life. When an organism dies, itscarbon _cause. Just think of the diseases that protection is to keep your hands clean 
directly caused by the microbes is salvaged and recycled into the can trace their roots toa viral, with soap and water and to keep your 
themselves. It’s just your immune environment bya host of microbes, protozoan or bacterial infection: HIV, hands away from your face. Get all of 
system trying to fight off the infection including bacteria and fungi. Bacteria TB, malaria, pneumonia, sleeping your vaccinations and vaccinate your 
by killing or physically expelling the inthe soil ‘fix’nitrogenfromtheairand __ sicknessand historical pandemics like children (a surprising number of adults 
little beasties. make it available to plants. the bubonic plague, Spanish flu and die from chicken pox every year, 

Of course, not all microbes are bad. Phytoplankton, composed of both smallpox. The discovery of antibiotics usually contracted by their 

Life itself began four billion years ago protozoa and cyanobacteria, transform _(penicillinitself was derived froma unvaccinated child). Take these 
as a form of bacteria, andit was an CO_ into solid, reusable carbon fungus) has saved countless lives, but simple everyday precautions and your 
ancient type of cyanobacteriathatwas compounds. And bacteria in our overuse of them has resulted in even well-evolved immune system should 
the first to perform the magic act of intestines, notably lactobacillus more virulent and drug-resistant take care of the rest. 
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Types of germs 


Some germs act like miniature 
predators or parasites, while the 
rest just divide and conquer 


\ 






Good dental hygiene 
should prevent this 
from happening 


Bacteria are some of the smallest and oldest life on Earth. Fossil 
evidence of these single-cell organisms dates back 3.5 billion years 
and may represent some of the first life on the planet. Bacteria live 
everywhere and can thrive in the most extreme cold and heat, but 
they love the warm comfort of the human body. Only one per cent 
of known bacteria are harmful to humans, but we knowa few of 
them too well: strep throat, E coli, botulism, the list goes on. Good 
bacteria help plants and animals extract nutrients from food and 
soil. Bacteria cells have no walled-off nucleus, just a nucleoid with 
asingle chromosome containing a closed circular strand of DNA. 
EXAMPLE: Tooth cavities 

This isn’t an old wives’ tale. Strains of bacteria in the mouth, such 
as lactobacillus acidophilus, feed on sugars and release lactic acid. 
Ifyou don’t clean your teeth regularly, the acid will eat away at the 
minerals in the surface, forming an infected hole called a cavity. 








Structure  ‘ Fibrae and pili Cytoplasm 
- These protein tubes The contents of the cell 
of bacteria extend from the body of floatin cytoplasm, a gel 
Flagella thecelltohelpitattachto |§ composed of water, salts 
eiarmmetin surfaces and interactwith and organic molecules. 
whip-like other microorganisms. 
propel the | , J 
bacterium through y) LL 






its environment. 


Ribosomes 
Storage / Ribosomes are 
granules protein factories of 
Prokaryotic cells Nucleoid prokaryotic 


don’‘tcontainmembrane- Lackingthemembraneolfa bacteria cells, the 


bound organelles, but true nucleus, thisisa bundle same function as 
granules hold nutrients made from a supercoiled served in 
for later use. strand of circular DNA. eukaryotic cells. 


100 


“Sometimes germ colonies breach 
our defences and flourish 





Fungi 


Biologists have only identified 100,000 species of 
fungi out of what could be millions in existence. 
Most fungi exist as microscopic networks of cells, 
but their colonies can growso large that we can see 
them with the naked eye: on the surface of spoiling 
food, rotting logs, or as the large fruiting bodies we 
call mushrooms. Fungal cells growin elongated 
'qblolernerc tI (cre mm enige)at-(ommaetclme)ccbel@eneyan-berel 
interconnect. Humans have learned to use fungi to 
ferment beverages and foods (yeast) and create 
life-saving drugs (penicillin), but some fungi can 
cause rashes (athlete’s foot, jock itch, yeast 
infections), allergies and chronic lung diseases. 
EXAMPLE: Fungal infection 

The fungus known as ‘tinea’ thrives in the warm 
and wet confines of human skin. If left unchecked, 
colonies will grow rapidly, causing irritation and 
bavitcdesbectsim(eyeme)mustee-) ebemepele(-seel-- 180MM Blels-Belsents 
is the fungus that loves the space between your 
toes, causing itching, dryness and cracking. 


Septin ring 


Structure of 
a yeast cell 


Yeast bud 

Species of yeast such as 
saccharomyces 
cerevisiae (beer, wine 
and bread), reproduce 
by asexual budding. 


a ) 


Nucleus 

Ayeast cell is eukaryotic -—its 
nucleus and organelles are 
bound bya cell membrane 
and its DNA is tightly packed 
within the nucleolus. Some 
abbersamerc\cpenleliale) (pelea (am 


This tight ring of proteins 
forms during cytokinesis, 
when the cytoplasm of the 
mother yeast cell divides. 


Microtubule 

Beaded filarnents of protein 
that direct movement of 
organelles and cell growth 
and budding. 

Fimbriae 

The tiny ‘hairs’ on 

the surface of a yeast 

cell don't allow it to 

move. Instead, fungi 


grow, reproduce 
and spread 


Mitochondrian 


sMelepasticolaelejetetetcestecnaels 
powerhouse of the yeast 
cell, converting nutrients 
into energy to fuel the cell’s 
ace) Widaestelee ce) celels(aaleen 





Protozoa are the world’s smallest 
animals. Amoebas are the most 
famous protozoa, shape-shifting 
blobs that engulf their prey (bacteria, 
microfungi) and digest them in 
stomach-like sacks called ‘vacuoles’. 
Most protozoa are parasites or 
predators, including the infamous 
plasmodium falciparum, which 
causes malaria. 

EXAMPLE: Amoebic dysentery 
In the case of amoebic dysentery, a 
person ingests a mature cyst of the 
protozoan parasite entamoeba 
histolytica, usually from food or 
water contaminated within fecal 
matter. Once the cyst reaches the 
intestinal tract, it releases 
trophozoites, active amoeba that 
burrow into the intestinal lining, 
causing violent diarrhoea and 
sometimes even death. 


Malaria 
infection cycle 


1. Blood meal 

An infected female anopheles mosquito 
feasts on human blood. She releases 
sporozoites —immature malaria parasites 
in her saliva-—into the blood stream. 


2. Liver infection 

The sporozoites, a type of 
parasitic protozoa, travel 
through the blood stream to the 
liver, where they infect cells. 








3. Reproduction 
Through asexual Pa 
reproduction, the malaria ia. 4 
protozoa split in two, 
forming haploid versions 
called merozoites. 











4. Release of merozoites 
Eventually, the sheer volume of merozoite 
infection in the liver cells causes them to 
burst, sending forth a flood of parasites 
into the bloodstream. 





© Hellerhoff 








1. Tuberculosis 


mycobacterium 
tuberculosis bacteria is 


estimated to infect a new b ; “t - 
person every second. it ; 


Viruses are the smallest germs ofall. In fact, they aren't 
even cells - just molecules of genetic material (DNA or 
RNA), which are coated in a protective shell of protein. 
They come in all different shapes (rods, spheres, multi- 
sided, even little ‘tadpoles’) and, unlike other microbes, 
are almost always bad for you. Viruses target individual 
types of cells, attaching to landing sites on the cell surface. 
The virus then injects molecules of DNA or RNA into the 
cell, which directs the cell to produce even more virus 
particles before destroying itself. Diseases spread by 
viruses range from the common cold to smallpox, 
hepatitis, polio, ebola and HIV. 

EXAMPLE: Chicken pox 

Chicken pox is caused by the varicella zoster virus, a highly 
virulent germ (infection rates are as high as 90 per cent) 
that first attacks the cells at the back of the nasal passages 
before spreading through the blood stream to nerve and 
other tissue. In most healthy children, the body’s immune 
system fights off the virus, often causing fevers and body 
aches in addition to the trademark itchy pox. However, the 


: [ay = 
vf. 

\, oa 
The leading killer of women fe ge a4 In the mid-14th Century, the 
worldwide, the | l- : an . Black Death - caused by 

. . 
| ( SAY 
« . ‘ 4 ad - 7 = 


| either the bubonic plague 


2. Black Death 


bacteria or a virus - killed 
between 75 and 200 million 
people worldwide. 


Structure of the 
influenza virus 


Lipid envelope 
When the influenza 
virion is enveloped by 
the host cell, the virus 
particle derives a 
second protective 


layer from the host’s 
plasma membrane. 


Capsid 

Inall viruses, the 
genetic materialis 
surrounded bya 
protective protein shell 


called a capsid. 


Nucleoprotein 


The entire structure of the flu virus 


is essentially an RNA delivery 
system. At the heart of the virion 
(virus particle) are seven or eight 
pieces of single-stranded RNA. 







™ 3. Spanish Flu 
The 1918 global flu 
* pandemic killed 40 million 
"Ww people. Shockingly, 
- otherwise healthy people 
could die within hours of 
= the first symptoms. 


Hemagglutinin 

The surface of the virion is 
covered with glycoprotein 
spikes, 80 per cent of which are 
hemagglutinin, which helps the 
virus attach tocell walls. 





Neuraminidase 


These glycoprotein spikes facilitate the 
release of newly formed virus particles 
from the host cell. New antiviral drugs 
block the function of neuraminidase, 


slowing the spread of the virus. 


. varicella virus can lie dormant in nerve cells, emerging 
4 Chicken pox often later in life as shingles, chicken pox’s more painful cousin. 
affects young children 
8. Infection of the mosquito 


Within the body of the mosquito, the 

gametes form zygotes, which develop into 

oocysts to produce more sporazoites, which 

J migrate to the mosquito’s salivary glands to 





ie begin the cycle all over again. 
a 
7. Gametocyte 
formation 
Jj ™_ Some of the 
merozoites evolve 
into gametocytes, 
which are cells that 
can produce male 
and female 
gametes. 
7 « 
, _ 
. . : . 
5. Blood cell infection 2 0.. & 
Individual merozoites infect a, 
red blood cells, where they : 
transform intoa large cell a | 
withasingle nucleus calleda 4° ; | 


ring trophozoite. 





6. Merozoite propogation 

The ring trophozoite forms nuclei and 
reproduces asexually, forming merozoites 
and causing the first symptoms of malaria. 


Natural 
defences 


jWelewalbent-vemelelenta- (aks 
as the best line of 
defence against 
viruses and germs 


Skim 
Notonlyis theskina 

e)e\iejleclaelstesaace) 

invading germs, butit 

even secretes toxic lipids 
idatcl@celement(@aelelacn 


White blood cells 
Oncea T-cell or B-cell has 
met an antigen, itnever 
forgets how to respond, 
building up ourimmunity 
to an increasing variety 

of microbes. 


‘Good’ bacteria 

Your body is bathed in bacteria, 
Hers) (e(ercbaleRelPlomentce\aeanuel@enelsle 
to keep the bad guys in check by 
physically or chemically inhibiting 
the spread of pathogens. 


F 


Mucus 

Mucus traps microbes before 
they can enter the epithelia! 
tissue layer. Tiny hairs called 
‘cilia’ direct the flow of mucus 
into the stomach, where 
microbes are neutralised by 
digestive acids. 


Blood, sweat 


and tears 
Sweat and tear ducts 


continuously flush out 


obbamstelebestlaceleac 
from the skin surface, 
while blood ‘washes’ 


e)bimsa=ieRTieleneletsy 


' f a No 
‘| . 


Coughing and 
sneezing 
These reflexive processes 


effectively expunge mucus and 
infected saliva from the body. 


Vepitieriss 


diarrhoea 
Unpleasantas they are, 
these are two of the body’s 
most efficient methods for 
flushing out microbes. 


» 
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So how doTset ‘| 
the alarm?” = 


= 

\\ 
\ Pol 
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“When a calorie is burned, 
energy Is released ina 
Known as combustion 





Atomic clocks 


You'llneverbea_ 
nanosecond late again 


lA 


To make precise 
calculations of time, an 
atomic clock measures 
the number of oscillations 
between an electron and the nucleus 
inanatom. 

Anelectron can jump to another 
shell within an atom if it gains or loses 
aspecificamount of energy. This 
transition -known asa quantum 
jump — releases or absorbs the energy 
in the form of measurable 
electromagnetic radiation. 

The frequency of these transitions 
allows an atomic clock to keep an 
accurate reading of time. Modern-day 
atomic clocks rely on the caesium 
atom, which is known to have 





Probe laser 

The atoms are now 
emitting their optimal 
energy at the natural 


resonant frequency of a 
caesium atom. 








4 we 


Vertical 

Two lasers throw the ball 
a metre high and gravity 
brings it back down. 


Microwave cavity 
Microwave signals are 
tuned to varying 
frequencies until the 


atoms are releasing their 
maximum energy. 





Accurate time keeping / Burning energy 


Calones 


PIOCeESS 





We eat them and burn 
them, but what are they? 


A calorie is a unit of 
potential energy 
equivalent to 4.184 

” joules. Itis defined 
as being the amount of energy 
needed to increase the 
temperature of one gram of 
water by1C. 

In many areas, suchas the 
labelling of food products and 
fitness machines, kilocalories 
(4,184 joules) are used in place 
of calories. When a calorie is 
burned, energy is released ina 
process known as complete 
combustion. Inthe human 
body, the organs function by 
using this energy. 

Calories are a necessity for 
the human body, with the 
average adult requiring more 
than 2,000 kilocalories to 
actively function per day. 

The intake of energy 
through food and drinkis 
balanced against the energy 
used by the body. Excess 
calories which are not used 
are stored as fat for use at 
a later time. 
Consuming more 
calories than you 
burn will lead to 
weight gain. 


A beefburger with all 
the trimmings can 
contain up to 400 
kilocalories 





Shopping 
On average, an hour of shopping 
will burn 200 kilocalories. 


Filing 

Up to 170 kilocalories can 
be burned an hour by filing 
while sitting. 


Eating 

Although consuming calories, 
the body will also use about 130 
kilocalories per hour when 
sitting and eating. 


On the phone 

Getting angry or excited while 
talking on the phone can burn 
up to 120 kilocalories an hour. 


Gum 

Chewing sugarless gum 
burns up to an additional 11 
kilocalories an hour as the jaw 
is continuously moved. 








High calorie 
foods can affect 
your weight 


9,192,631,770 transitions per second. srtees 
In early atomic clocks, magnets ss 


were used to control the oscillation of 
specificatoms inside a beam tube. 
Now, lasers are used to collect and 
oscillate millions ofatoms withina 
magnetic field. These atoms are 
pushed up and down ina fountain to 
detect their energy changes and take 
an accurate reading of time. 


The National Physical Laboratory 
www.npl.co.uk is the UK's National 
Measurement Institute. Visit the website 
to learn more about precise weights 

and measurements. 
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Lasers 


Six lasers push a gas of 
caesium atoms into a 
ball, cooling them to a 
temperature near 
absolute zero. 


Detector 


The frequency of the 
caesium atom is kept 
constant and used to 

define the second. 













11. Aristotle | 2. Galileo Galilei 3. Sir Isaac 
hy “. Around 330 BC, Aristotle Unprecedented work on ' : Newton 
correctly asserted that all the motion of objects and Newton’s laws of motion, 
Earth objects would only : gravity in the early-17th 7 coming decades after Galileo’s 


continue to move while - Century were just some of work, provided the basis for 
- they are being acted upon Galileo's numerous ground- our understanding of kinetic 
bya force. breaking achievements. energy and momentum. 


Kinetic energy is measured in joules and momentum In newtons, the latter being a unit of force 


> energy = 
tu 






Acollision like this will give both 


=. — ne Se of momentum 
— 







—~ 
































. ass: a fi - | 
Ve Wego o throu; an the forces oO Sa ~Y | = > Y 
a | Cal ¥ r ye = : a _ . 2 a 
Pratobeatelalvetchiaenietscrs — ) . 
Tate + S a = 
fl eo enials ; of physics : 
Any object that nat is sa id to have motion subsequently have. An object at rest is said to have has gained momentum and will continue to move 
has kit netice ne gy, which i: is defined as potential energy, which is converted to kinetic forwards unless it is acted on by another force 
half cee ead ofé 1 object multiplied by energy when it actually begins to move. The kinetic such as friction or contact with another body. Like 
* itsvelocitys ed It quantifies the energy canthen beconvertedintootherformssuch _ kinetic energy, the greater the mass or velocity of 
work that the obj aca doasa result i its as thermal or sound energy when it is acted on by an object, the greater its momentum. A force acting 
motion. I tllinga bowling ball _drivinga car, ora another force, colliding with another object or ona moving object will change its momentum, 
glass falli ing f i rol oma tab lear eall examples of kinetic accelerating for example. such as when two cars collide; the result of the 
energ gyat worl k, with eac dowe ossessing 2 aspecific Asan object accelerates it gathers momentum, collision will see each object with a new amount of 
amount tatany g : wea pel pint. The faster or more which is defined as mass x velocity. The driver ofa momentum, which will depend on their initial 
massivea body iyis, ne 1 mor ekinetic energy it will moving car must apply brakes to stop the car as it mass and velocity. # 
_ 
4. Change inr ie tum 6. External force 
Althou; ough the mass ullet doesn’t The pencils and debris continue to move O) 0) 
change, its ve oct a lecreé ses _with their gained momentum until they are 


Bete epenc cils, lowerin ieee | acted upon by another force. + Th Le ion 


momentumand cine eticen argy. Sree 5 
a : , O <inetic energy an 


momentum are the measure 
ofthe motion ofa body. The 
former is the energy created 
\ when a force accelerates a 
mass, while momentum is 
the product ofa body’s mass 
and velocity. 


1. Yamv? 

As the bullet travels 
through the air, its 
kinetic energy is 
defined as half its 
mass times its 


" velocity squared. 


7 : 


3 em 
3. Mass and velocity 


As the bullet makes its forward 
< motion its momentum transfers to 
the material in the pencils. 


2. Energy transfer 
The kinetic energy of the bullet 
transfers to heat (friction) and sound 


energy as it passes through the pencils. 


5. Conservation of energy 

Energy can neither be created not destroyed, so 

Kinetic energy = | the kinetic energy of the bullet must transform 

— mass of object x (velocity of objecty | into other states. 
E 7 7. Conservation of momentum 
gy Momentum = The total momentum must remain constant, 
=) massofobjectxvelocity of object so the debris and pencils gain momentum 
© equal to that lost from the bullet. 
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“Each a the kidneys will filter 
150-180 litres of blood” 





How your Kidneys work 


Kidney 
function 


How do your kidneys filter 
waste from the blood to | 
keep you alive? N\ \ NY 





Inside (is) sy 
your kidney =) / 


As blood enters the kidneys, it is passed | ay 
through a nephron, a tiny unit made up of | 
blood capillaries and a waste-transporting d fs 
tube. These work together to filter the blood, a. | 
returning clean blood to the heart and lungs ‘aa 
for re-oxygenation and recirculation and 
removing waste to the bladder for excretion. 











—_ 

Kidneys are bean-shaped organs Renal cortex . ~~ AT) 

situated halfway down the back This is one of two broad internal sections of the ¢ : r 

just under the ribcage, oneon kidney, the other being the renal medulla. The 4 f 

each side of the body, and weigh renal tubules are situated herein the 4 ; nd } 
Gh din KAIGA RISER ABSRHEETE protrusions that sit between the pyramids and \ y X af 

= rs 4 ‘ig ani P secure the cortex and medulla together. ’ a 

on the individual's sex and size. The left , " 
kidney iscommonlya little larger than the Renal artery 7 ee \ 
right and due to the effectiveness of these This artery supplies the i | Z 
organs, individuals born with only one kidney with blood thats eo ¥ 
kidney can survive with little or no adverse to be filtered. j ; J \ 


health problems. Indeed, the body can 
operate normally with a30-40 per cent 
decline in kidney function. This decline in 





function would rarely even be noticeable } , 

and shows just how effective the kidneys are ’ <a 

at filtering out waste products as wellas - " 
maintaining mineral levels and blood — 


pressure throughout the body. The kidneys 
manage to control all of this by working with 
other organs and glands across the body 
such as the hypothalamus, which helps the 


kidneys determine and control water levels Renal vein an \ / 
in the body. After waste has ~ .~ 
Each day the kidneys will filter between aces 
150 and 180 litres of blood, but only pass ia aaa ia 
passed out of the 
around two litres of waste down the ureters kidneyvia the 
to the bladder for excretion. This waste renal vein. 


product is primarily urea -a by-product of 
protein being broken down for energy -and 
water, and it’s more commonly known as 
‘urine’. The kidneys filter the blood by 
passing it through a small filtering unit 
called a nephron. Each kidney has around 
a million of these, which are made up ofa 

number of small blood capillaries, called 
glomerulus, and a urine-collecting tube 
called the renal tubule. The glomerulus sift 





——_ Ser 


the normal cells and proteins from the blood 2 
and then move the waste products into the 4 “s 
renal tubule, which transports urine down e ) 4 
into the bladder through the ureters. | 

Alongside this filtering process, the . . 
kidneys also release three crucial hormones Ureter Renal pelvis Renal medulla i Renal 
(known as erythropoietin, renin and The tube that This funnel-like structure The kidney’s inner section, where capsule 
calcitriol) which encourage red blood cell transports the is howurine travels out of blood is filtered after passing The kidney’s fibrous 
production, aid regulation of blood pressure waste products the kidney and forms the through numerous arterioles. It's outer edge, which 

; : (urine) to the top part of the ureter, split into sections called pyramids provides protection 

and aid bone development and mineral bladder following which takes urine down and each human kidneywill forthe kidney’s 
balance respectively. blood filtration. to the bladder. normally have seven of these. internal fibres. 


—— = ee 
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Two for the price of one 

We are thought to have two kidneys because they are so crucial to 
our survival, the second is purely a ‘back up’. Having two organs 
obviously increases our chances of survival and reproductive fitness. 


NIONEY 








Nephrons - the kidneys’ jeotectng «= The glomerulus 
























r 
I 
I 
! filtrati on units Although not This group of capillaries is the first step of 
i Proximal tubule technically part of the filtration and a crucial aspect ofa nephron. 
'  Nephronsare the units that filterall blood passingthroughthe —_LinksBowman’s ne me = ne As blood enters the kidneys via the renal 
' kidneys. There are arounda million in each kidney, situated in pas aren ae idee bythe artery, it is passed down through a series of 
' the renal medulla’s pyramid structures. As wellas filtering xiectcdlcontent nephronsand arterioles which eventually lead to the 
f waste, nephrons regulate water and mineral salt by ininaenls froanthe facilitates its removal glomerulus. This is unusual, as instead of 
recirculating what is needed and excreting the rest. filtrate produced by trom the kkinaye. draining into a venule (which would lead 
' > Bowman's capsule. o back to a vein) it drains back into an 
- a . . . ° 
- 4 arteriole, which creates much higher 
\ pressure than normally seen in capillaries, 
) which in turn forces soluble materials 
Glomerulus and fluids out of the capillaries. This process 
High pressurein the is knownas ultrafiltration and is the first 
glomerulus, caused step in filtration of the blood. These then 
byitdrainingintoan pass through the Bowman’s capsule 
arteriole instead ofa (also knowas the glomerular capsule) for 
venule, forces fluids and a : 
“—. soluble materials out of further filtration. 
' “ peiaamet hasta Afferent Proximal tubule 
' Owmal s Capsule. arteriole Where reabsorption of 
i pat ai sneuaae msteatre 
| supplies the blood to 
i » Bowman's ne paaseruhis ie capsule will occur. 
! capsule filtration. 
| Also knownasthe 
cy) Ut glomerular capsule, this 3 
| , filters the fluid that has 
been expelled from the 
; 8 glomerulus. Resulting 
. i filtrate is passed along 
! the nephron and 
” will eventually make Ww Glomerulus 
d ' 4 up urine. F ~~ This mass of 
capillaries is the 
' . glomerulus. 
Distal 
' 
tubule 
Partlyresponsible 
for the regulation 
of brfperala inthe Efferent Bowman's 
blood, linking to arteriole capsule 
= the collecting duct This arteriole ishow This is the surrounding 
system. Unwanted blood leaves the capsule that will filter 
minerals are glomerulus following the filtrate produced by 
al) excreted from ultrafiltration. the glomerulus. 
the nephron. 





a a 

Renal artery What is urine and what 
This artery supplies the a it 
kidney with blood. The mad f? 
blood travels through IS C O 2 
this, into arterioles as Urine ismadeup ofarangeoforganic 94% water 
you travel into the compounds such as proteins and 
kidney, until the blood hormones, inorganic salts and 
reaches the glomerulus. numerous metabolites. These 

by-products are often rich in nitrogen 

and need to be removed from the blood 
Renal vein stream through urination. The pH-level 
This removes blood that has 


of urine is typically around neutral 

| (pH7) but varies depending on diet, 
hydration levels and physical fitness. 

Renal tubule The colour of urine is also determined 


been filtered from the kidney. 


a 
a 
.: 





Loop of Henle : Made up of three parts, the proximal ; ; , 

The loop of Henle controls the mineral and tubule, the loop of Henle and the distal by BI cite aELEIES walt Bats yellows ges 

water concentration levels within the kidney convoluted tubule. They remove waste indicating dehydration and greenish 6% other organic 
to aid filtration of fluids as necessary. It also and reabsorb minerals from the filtrate urine being indicative of excessive 

controls urine concentration. passed on from Bowman's capsule. asparagus consumption. compounds 


ro eae eee ese eee ee ee eee eee ee 
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WMel-palsrcDame)bbselecayeleeme)(olelen-baelepere| 
your cardiovascular system 


Platelet 

When activated, these sticky cell 
fragments are essential to the 
clotting process. Platelets adhere to 
awound opening tostem the flow of 
blood, then they team with a protein 
called fibrinogen to weave tiny 
‘datecclecadetciaecclele)(oleekes)| am 


Red blood cell E . 
Known as erythrocytes, red b 
cellsare the body's delivery — 
service, shuttling oxygen fromtt e 
lungs to living cells throughout the 
body and returning carbon 
dioxide as waste. 


Blood vessel wall 
Arteries and veins are composed of three 


tissue layers, a combination of elastic tissue, 
connective tissue and smooth muscle fibres 


datclaaeelicc(amlale(aastaetelcpice unease 
sympatheticnervous system. 
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A look inside your blood 


Our 
works 


The science behind the miraculous fluid 
that feeds, heals and fights for your life 


destroying invading bat bac 
digesting them, ofte 





1. Discovery of | 
veins and arteries 
- In 300 BC, Greek anatomist 
Herophilus of Chalcedon figured 
y out that arteries and veins 
not only carry blood, but are 
distinct pathways. 


( «2. First blood 
transfusion 


James Blundell performed the 


- “Aa 4 After a century of animal- 
human blood transfusions, 
/ 
™ first recorded human-to- 
— ' human transfusion in 1818. 


3. Discovery of 
blood types 

In 1901, Austrian physician Karl 
Landsteiner was the first to 
identify three basic blood 
groups, revolutionising the 
success of blood transfusions. 





If you took all of the blood vessels out of your body and Iaid them end to end, they would stretch for 160,000km 


White blood cells 

White blood cells, or leukocytes, 
are theimmune system’s best 
weapon, searching out and 
destroying bacteria and 
producing antibodies against 
viruses. There are five different 
types of white blood cells, all with 
distinct functions. 


Monocyte 
The largest type of white blood 
cell, monocytes are born in bone 
marrow, then circulate through 
the blood stream before maturing 
into macrophages, predatory 
immune system cells that live in 
organ tissue and bone. 
Blood isa mix of solids and liquids, a blend of highly specialised 


cells and particles suspended ina protein-rich fluid called 
plasma. Red blood cells dominate the mix, carrying oxygen to 
living tissue and returning carbon dioxide to the lungs. For 
every 600 red blood cells there is a single white blood cell, of 
which there are five different kinds. Cell fragments called 
platelets use their irregular surface to cling to vessel walls and 
initiate the clotting process. 


54% 
Plasma 


Blood is the river of life. 
It feeds oxygen and 
essential nutrients to 
living cells and carries 
away waste. It 
transports the foot soldiers of the 
immune system, white blood cells, 
which seek out and destroy invading 
bacteria and parasites. And it speeds 
platelets to the site of injury or tissue 
damage, triggering the body’s 
miraculous process of self-repair. 
Blood looks like a thick, 
homogenous fluid, but it’s more likea 





© DK Images 


watery current of plasma -—astraw- 
coloured, protein-rich fluid - carrying 
billions of microscopic solids 
consisting of red blood cells, white 
blood cells and cell fragments called 
platelets. The distribution is far from 
equal. Over half of blood is plasma, 
45 per centis red blood cells anda 
tiny fragment, less than one per cent, 
is composed of white blood cells 
and platelets. 

Red blood cells are so numerous 
because they perform the most 
essential function of blood, which is to 


- 
_ 





45% 
Red blood 
cells 


G 
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Bone marrow contributes four per 
cent ofa person’stotal weight 
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“Red blood cells are so numerous 


because they perform the most 
essential function of blood” 


deliver oxygen to every cellin the 

body and carry away carbon dioxide. 
As an adult, all ofyour red blood cells 
are produced in red bone marrow, the 
spongy tissue in the bulbous ends of 
long bones and at the centre of flat 
bones like hips and ribs. Inthe 
marrow, red blood cells start out as 
undifferentiated stem cells called 
haemocytoblasts. Ifthe body detects a 
minuscule drop in oxygen carrying 
capacity, a hormone is released from 
the kidneys that triggers the stem cells 
to become red blood cells. Because red 


blood cells only live 120 days, the 
supply must be continuously 
replenished; roughly 2 million red 
blood cells are born every second. 
Amature red blood cell has no 
nucleus. The nucleus is spit out during 
the final stages of the cell’s two-day 
development before taking on the 
shape ofa concave, doughnut-like 
disc. Like all cells, red blood cells are 
mostly water, but 97 per cent of their 
solid matter is haemoglobin, a 
complex protein that carries four 
atoms ofiron. Those iron atoms have 
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“Platelets weave a mesh of 
fibrin that stems bload loss” 





& 


A look inside your blood 


Waste product 6. Reuse and recycle 1. Born in the bones 
of blood cell As for the globin and other cellular When the body detects a low oxygen 
membranes, everything is carrying capacity, hormones released from 

converted backinto basicamino the kidney trigger the production of new 
















acids, some of which will be used to red blood cells inside red bone marrow. 


create more red blood cells. 


7” 


8a" Life cycle of 
red blood cells 


Every second, roughly 2 million red blood cells decay and die. The 
body is keenly sensitive to blood hypoxia - reduced oxygen 
carrying capacity —- and triggers the kidney to release a hormone 
called erythropoietin. The hormone stimulates the production of 
more red blood cells in bone marrow. Red blood cells enter the 
bloodstream and circulate for 120 days before they begin to 
degenerate and are swallowed up by roving macrophages in the 
liver, spleen and lymph nodes. The macrophages extract iron from 
the haemoglobin in the red blood cells and release it back into the 
bloodstream, where it binds toa protein that carries it back to the 
bone marrow, ready to be recycled in fresh red blood cells. 









5. iron ions 
In the belly of Kupffer cells, 
haemoglobin molecules are split into 
haem and globin. Haem is broken 
down further into bile andironions, 
some of which are carried back and 
stored in bone marrow. 


4. 
Specialised white blood cells tn the liver and 
spleen called Kupffer cells prey on dying red 


blood cells, ingesting them whole and breaking 


them down into reusable components. 


» the ability to form loose, reversible 
bonds with both oxygen and carbon 
dioxide —- think of them as weak 
magnets —- making red blood cells such 
an effective transport system for 
respiratory gases. The haemoglobin, 
which turns bright red when 
oxygenated, is what gives blood its 
characteristic colour. 

To provide oxygen to every living 
cell, red blood cells must be pumped 
through the body’s circulatory system. 
The right side of the heart pumps 
CO,-heavy blood into the lungs, where 
it releases its waste gases and picks up 
oxygen. The left side of the heart then 
pumps the freshly oxygenated blood 
out into the body through a system of 
arteries and capillaries, some as 
narrow as asingle cell. As the red blood 
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cells release their oxygen, they pick up 
carbon dioxide molecules, then course 
through the veins back toward the 
heart, where they are pumped back 
into the lungs to ‘exhale’ the excess CO, 
and collect some more precious O.,. 
White blood cells are greatly 
outnumbered by red blood cells, but 
they are critical to the function ofthe 
immune system. Most white blood cells 
are also produced in red bone marrow, 
but white blood cells — unlike red blood 
cells - come in five different varieties, 
each with its own specialised immune 
function. The first three varieties, 
collectively called granulocytes, engulf 
and digest bacteria and parasites, and 
play a role in allergic reactions. 
Lymphocytes, another type of white 
blood cell, produce anti-bodies that 


build up our immunity to repeat 
intruders. And monocytes, the largest 
of the white blood cells, enter organ 
tissue and become macrophages, 
microbes that ingest bad bacteria and 
help break down dead red blood cells 
into reusable parts. 

Platelets aren't cells at all, but 
fragments of much larger stem cells 
found in bone marrow. In their resting 
state, they look like smooth oval plates, 
but when activated to forma clot they 
take on an irregular form with many 
protruding arms called pseudopods. 
This shape helps them stick to blood 
vessel walls and to each other, forming 
a physical barrier around wound sites. 
With the help of proteins and clotting 
factors found in plasma, platelets 
weave a mesh of fibrin that stems blood 






2. One life to live 
Mature red blood cells, 
also known as 
erythrocytes, are 
stripped of their 
nucleus in the final 
stages of development, 
meaning they can’t 
divide to replicate. 








3. In circulation 


Red blood cells pass from the 
bone marrowinto the 
bloodstream, where they 
circulate for around 120 days. 


loss and triggers the formation of new 
collagen and skin cells. 

But even these three functions of 
blood - oxygen supplier, immune 
system defender and wound healer - 
only begin to scratch the surface of the 
critical role of blood in each and every 
bodily process. When blood circulates 
through the small intestine, it absorbs 
sugars from digested food, which are 
transported to the liver to be stored as 
energy. When blood passes through 
the kidneys, it is scrubbed of excess 
urea and salts, waste that will leave the 
body as urine. The proteins in plasma 
transport vitamins, hormones, 
enzymes, sugar and electrolytes. Pause 
for a second to listen to your pumping 
heart and be thankful for the river of 
life coursing through your veins. 
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Until the 23rd week of foetal development, red blood cells are produced in the liver, not red bone marrow 





This rare genetic blood disorder 
severely inhibits the clotting 
mechanism of blood, causing 
excessive bleeding, internal 
bruising and joint problems. 
Platelets are essential to the clotting 
and healing process, producing 
threads of fibrin with help from 
proteins in the bloodstream called 
clotting factors. People who suffer 
from haemophilia -almost 
exclusively males -are missing one 
of those clotting factors, making it 
difficult to seal off blood vessels 
after even minor injuries. 












Anaemia is the name for any blood disorder that results 
ina dangerously lowred blood cell count. In sickle cell 
anaemia, which afflicts one out of every 625 children of 
African descent, red blood cells elongate into a sickle 
shape after releasing their oxygen. The sickle-shaped 
cells die prematurely, leading to anaemia, or sometimes 
lodge in blood vessels, causing terrible pain and even 
organ damage. Interestingly, people who carry only one 
gene for sickle cell anaemia are immune to malaria. 


Think of blood as the body’s 
emergency response team toan 
injury. Platelets emit signals that 
encourage blood vessels to 
contract, stemming blood loss. 
The platelets then collect around 
the wound, reacting witha 
protein in plasma to form fibrin, a 
tissue that weaves into a mesh. 
Blood flow returns and white 
blood cells begin their hunt for 
bacteria. Fibroblasts create beds 
of fresh collagen and capillaries 
to fuel skin cell growth. The scab 
begins to contract, pulling the 
growing skin cells closer together 
until damaged tissue is replaced. 


INJURY 


When the skin surface is cut, torn 
or scraped deeply enough, blood 
seeps from broken blood vessels to 
fillthe wound. To stem the flow of 
bleeding, the blood vessels around 
thewound constrict. 











2 Cee 
Another rare blood disorder affecting 100,000 
newborns worldwide each year, thalassemia 
inhibits the production of haemoglobin, leading 
tosevere anaemia. People who are born with the 
most serious form of the disease, also called 
Cooley’s anaemia, suffer from enlarged hearts, 
livers and spleens, and brittle bones. The most 
effective treatmentis frequent blood 
transfusions, although a few lucky patients have 
been cured through bone marrow transplants 


from perfectly matching donors. 
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—_— Thalassemia affects 
100,000 newbornsa 
year worldwide 








One of the most common genetic 
blood disorders, haemochromatosis 
is the medical term for “iron 
overload,” in which your body 
absorbs and stores too muchiron 
from food. Severity varies wildly, 

and many people experience few 
symptoms, but others suffer 

serious liver damage or 

scarring (cirrhosis), irregular 
heartbeat, diabetes and even heart 
failure. Symptoms can be aggravated 
by taking too much vitamin C. 












Blood isa delicate balancing act, with 
_ the body constantly regulating 

oxygen flow, iron.content and clotting 
__ ability. Unfortunately, there are 
several genetic conditions and 

chronic illnesses that can disturb 

the balance, sometimes with 

deadly consequences. 












Thrombosis is the medical term 
for any blood clot that is large 
enough to block a blood vessel. 
When a blood clot forms inthe 
large, deep veins of the upper 
thigh, it’s called deep vein 
thrombosis. Ifsuch a clot breaks 
free, itcan circulate through the 
bloodstream, pass through the 
heart and become lodged in 
arteries in the lung, causing a 
pulmonary embolism. Sucha 
blockage can severely damage 
portions of the lungs, and multiple 
embolisms can even be fatal. 
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Left to right: a red blood cell, 
ye)tclac)(cjm-beleuvebiccne)leleenacye| 
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More than a one-trick pony, your blood 
is avital cog in the healing process 


‘> 
= 
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INFLAMMATORY STAGE 
Once the wound is capped witha 
drying clot, blood vessels open up 
again, releasing plasma and white 
blood cells into the damaged 
tissue. Macrophages digest 
harmful bacteria and dead cells. 


PROLIFERATIVE STAGE 
Fibroblasts lay fresh layers of 
collagen inside the wound and 
capillaries begin to supply blood 
for the forming of newskin cells. 
Fibrin strands and collagen pull 
the sides of the wound together. 


HAEMOSTASIS 

Activated platelets aggregate 
around the surface of the wound, 
stimulating vasoconstriction. 
Platelets react witha protein in 
plasma to form fibrin, a web-like 
mesh of stringy tissue. 
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The trouble 
with teeth 


Tooth decay, also often 
known as dental caries, 
affects the enamel and 
dentine ofa tooth, breaking 
down tissue and creating 
fissures in the enamel. Two 
types of bacteria -namely 
Streptococcus mutans and 
Lactobacillus -are 
responsible for tooth decay. 

Tooth decay occurs after 
repeated contact with acid- 
producing bacteria. 
Environmental factors also 
have a strong effect on dental 
health. Sucrose, fructose and 
glucose create large problems 
within the mouth, and diet 
can be animportant factor in 
maintaining good oral health. 

The mouth contains an 
enormous variety of bacteria, 
which collects around the 
teeth and gums. This is visible 
in the form ofa sticky white 
substance called plaque. 
Plaque is known asa biofilm. 
After eating, the bacteria in 
the mouth metabolises sugar, 
which subsequently attacks 
the areas around the teeth. 

Medication can also affect 
oral health, reducing the 
production of saliva, which 
offers natural protection and 
works against acidic matter. 
Various treatments can be 
applied to teeth that are 
damaged or decayed, these 
include extraction, filling or 
the replacement of teeth in 
the form of either dentures 
and implants. 
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“Both gnimals and humans bare \\ 
their teeth when faced with an \ 
gggressive situation” 


The biological | 
structures 

that are so 
versatile they 
enable us to 

eat a varied 

diet 


All 
abo 


The primary function of teeth 
is to crunch and chew food. 
For this reason, teeth are 
made of strong substances - 
namely calcium, phosphorus and 
various mineral salts. The main 
structure of the tooth is dentine, this 
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the teeth first appear at six months old 
and are replaced by secondary teeth after 
six or seven years. Some animals develop 
only one set of teeth, while sharks, for 
instance, grow a new set of teeth every 
two weeks. 

With humans, tooth loss can occur 





From ancient times healers have sought 
to treat and replace the teeth with false 
ones. Examples of this practice can be 
seen from ancient Egyptian times and 
today, we see revolutionary new 
techniques in the form of dental 
implants, which are secured deep within 
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itself is enclosed in a shiny substance through accident, gum disease oroldage. the bone of the jaw. 
called enamel. This strong white coating 
is the hardest material found in the E , Pul 
human body. The Pp 
; white, outer surface of The pulp nourishes the 
Humans have different types of teeth the tooth. Thiscan be dentine and keeps the 
that function in various ways. Incisors clearly seen when looking tooth healthy—the pulp 
tear at food, such as the residue found inthe mouth. is the soft tissue of the 
on bones, while bicuspids have long tooth, which is 
sharp structures that are also used for protected by the 
a : . ; dentine and enamel. 
ripping. Bicuspids tear and crush while — 
molars, which have a flatter surface, Cementum 
grind the food before swallowing. This Theroot coating, tt 
aids digestion. Because humans havea haircare 
: 8 ‘ ; canal andthe 
varied array of teeth (called collective nerves. Itis 
dentition) we are able to eat a complex connected to the 
diet of both meat and vegetables. Other jawbone through 
species, such as grazing animals, have collagen fibres. 
specific types of teeth. Cows, for example, 
have large flat teeth, which restricts them 
toa simple diet. 
Teeth have many functions, in some Blood vessels Bone 
and nerves The bone 
cases they aid hunting but they also have The blood vessels a 
strong psychological connotations. Both and nerves carry important 
animals and humans bare their teeth important : anchor for 
when faced with an aggressive situation. nourishment to tS VOae, the tooth and 
Teeth are the most enduring features of the toothandare keeps the 
the human body. Mammals are cient <r 
' y: pressure and within the 
described as diphyodont, which means temperature. jawbone. 


they develop two sets of teeth. In humans 


2. Piranha 


Piranha teeth are very small 
but can be extremely sharp and 
are often used by the local 
populations of South America 
to create a variety of tools 

and weapons. 


3. Hamster 

A member of the rodent family, 
the hamster has teeth that 
grow continuously. They 
therefore need to grind their 
teeth on a hard substance to 
prevent overgrowth. 


~ 1. Hippopotamus 
A hippopotamus has an 
enormous mouth that can 
measure up to 1.2 metres 

> wide. They are equipped with 
a pair of huge and very 
dangerous incisors. 
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© Keith Pomakis 


ARIOOROGVURKISKANAS NWA Severe problems with their teeth. They invented the world s first dental bridge 





| h\ Mi axill a Adult teeth start coming 


through early on 























\ A layout of the upper area 
N Central incisors i aeiadaaaias a 
. The upper and lower areas of the mouth 


are known asthe maxilla and the fF 

} mandible. The upperarea of the mouth 
is attached to the skull bone and is often 
called the upper arch of the mouth, 
while the mandible is the v-shaped bone 
that carries the lower set of teeth. 


tT 
Lateral incisors —— 


Canine teeth 

Long, pointed teeth that are used for 

holding and tearing at the food f 

within the mouth. . . : 
2nd bicuspid ’ 

Wisdom teeth ‘sk ’ 

Usually appear between the 

1st molar | 


erupt ina group of four. 






—_ 


7 ages of 17and 25, and often 


2nd molar 


: 








of teeth 


The approximate 

ages at which the 
ermanent teeth 
egin to erupt 

Age 6 

First molar 


Age 7 
Central incisor 


Age 9 
First premolar 


molar or — - | Age 10 
—— J Second premolar 


3rd molar or 
, ’ wisdom tooth 








anatomy 





2nd molar a ee ' 
The tooth is a complex structure. The ist molar ~~ a il 
enamel at the surface of the tooth is highly aniline 
visible while the dentine is a hard but Zoe premio ‘ ; 
porous tissue found under the enamel. 1st premolar — ”y 
The gums provide a secure hold for the = Age 12 
tooth, while the rootis anchored right Second molar 
Canine — 


into the jawbone. In the centre of the tooth 
there isasubstance called pulp which 
contains nerves and blood vessels, the 


Lateral incisors - 2 Age 17 to 21 
‘ or not at all 





pulp nourishes the dentine and keeps the _—_ a - : 
tooth healthy. _ ¢ Third molar 

Tooth formation begins before birth. aur (wisdom teeth) 
Normally there are 20 primary teeth i 
(human baby teeth) and later, 28 to 32 Central incisors 95 | 
permanent teeth, which includes the M dibli 
wisdom teeth. Of the primary teeth, ten an l e as First and second For further reading, why not check out 
are found in the maxilla (the upper jaw) Alookinsideyour - naiinabac feieilts Teeth Are Not For Biting (2003), 
and ten in the mandible (lower jaw), while lower jawbone hy a irene Elizabeth Verdick, Free Spirit Publishing; 
the mature adult has 16 permanent teeth Lateral and central incisors rsa tbe tana or DIY Dentistry: And Other Alarming 
‘ ; ; P i located between the canine Inventions (2008), Andy Riley, New 
in the maxilla and 16 in the mandible. incisor comes from the Latin word ‘to and molar teeth. They are Baek Ube. 

cut’, they are used to grip and bite. used for chewing. 
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“Substances high in protein, such 
gs eggs and milk, are less likely to 
undergo the process of osmosis © 






WORKS 
& SCIENCE 


The science behind the cold virus / Osmosis explained 


Why is there no cure __ whatisa virus? 
for the common cold? | | 


viruses are much smaller and must replicate 
within other cells - for example, within the cells 
A general term for over 200 different viruses, why is 
the common cold so ‘incurable’? 





that line the inside of the nose. 
The common cold isa viral infection 
that attacks the upper respiratory tract, 
including the nasal cavity, the pharynx 
(back of the mouth) and the larynx 
(voice box). Every child can get up to12 colds a year, 
and in adulthood we continue to get them ona 
regular basis. The symptoms ofa cold are sneezing, 
arunny nose, sore throat and nasal congestion. 
Young children can also runa high temperature. In 
the first three days, the cold is highly contagious 





the cells to spread to cells in the rest of the upper 
respiratory tract. 

While we can treat the symptoms ofa cold, we 
cannot find a single cure as there are so many 
types of virus and they mutate rapidly. Therefore, 
in the time it takes to develop a vaccine, itis no 
longer useful. 


Aheavy cold (sometimes 
referred to as man flu) 


© CDC Doug Jordan 2010 
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and is spread to anyone who inhales or touches 
anything contaminated by the virus. A cold lasts 
about a week, although a cough can persist for 
several days afterwards. 

Rhinoviruses, coronaviruses, coxsackieviruses 







' This protein coat These protruding 
and adenoviruses are just some of the many encioses the virus's proteins enable the 
different types of cold viruses. These viruses stick genetic information virus to attach to the 
to the cells of the adenoids at the back of your within the host cell. surface of the host ceil. 





throat. They quickly reproduce and rupture from 


How and why molecules move through a permeable membrane 








Osmosis isthe membrane, which actsasa barrier. Substances high in protein, such 

movement ofasolvent, Themembraneallowssome as eggs and milk, are less likely to 

suchas water,acrossa moleculesto passthrough, but undergo the process of osmosis 

¥ membrane (divider) blocks the passage of others. when an animal ingests them, 

from aregionofhighconcentration Osmosisis frequently seen in because the large protein 
tolow concentration. The motionof animalandplant cells, where it molecules block the way and | 
molecules in an enclosed volume allows the intake of useful prevent water molecules reaching 
willalwaysseethemtrytospread  nutrientsand expels waste the cell membrane. This is why 
out equally,suchaswhenperfume products. Theprocessceaseswhen eating protein-rich foods keeps 
is sprayed into aroom and the the molecular concentration on your energy levels up; water is ' 
smell gradually dissipates as the either side of the membrane is unable to leave your body, al 
molecules move. Osmosis is this uniform, astate which is referred meaning cells and organs remain Acell can become flaccid 
same effect but acrossa to as isotonic. hydrated and functioning. or turgid, depending on 


the rate of osmosis 


Osmotic pressure 





Membrane 

Uniform The tube is then 

Initially, the liquid sealed with a Osmosis Solute 
in the tube and Water molecules There is a higher 
that outside of it membrane, and a permeate into the concentration of 
are both level, salty solution is tube, pushing the water outside the 
before a semi- added. The liquid up. This tube than inside in 
permeable membrane allows ‘osmotic pressure’ the salty solution, 
membrane and for the passage of makes the liquid rise but the salt cannot 
solvent solution water, but not above the level of pass through 
are added. salt molecules. surrounding liquid. the membrane. 
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1. Otters 


Otters have the densest 
level of follicles (up to 

1 million hairs per square 
inch in places), which helps 
them to keep warm in the 
cold north Pacific Ocean. 





2. Blondes 


) : Blonde humans actually 
have more hair than other ¢ 
hair types. The average 


3. Elephants 


Elephants have one of the 
lowest densities of hair per 
square inch, following a 








\ human has 100,000 | trend of larger animals 
~ f ; follicles, but blondes have | gaa generally displaying a lower 
an average of 146,000. “See” density of hair on their body. 


Hair doesn t continue to grow ofter death, it just appears that way as the body dehydrates and skin shrinks 



























Hair grows from H ] — 

follicles in the dermis See bbleil Hair ana the 

skin through which the _ _ = 
bairponstvatan skin it’s In 
Dermis Hair shaft 
The dermis is the layer of The fibrous part of the hair, 
skin below the epidermis, in technically defined as 
which the hair follicles, ‘dead’, which protrudes 
auskeunah meg from the skin. 

aresitua 

Blood vessels 
. . These vessels supply the 
ones skin and the hair follicles 
ariucnivetien with needed minerals and 
which the energy to growand 
replace dead cells. 
Sensory nerve 
This sensory 
receptor is situated 
inthe dermis and 
detects pressureon 
theskin and hair. 








Nair grow? 


Hair is a key characteristic of 
mammals, but what is it made of? 


Your hair is primarily 
made up of keratin, which 
is a form of protein. It 
grows from follicles 
situated in the dermis —a specific layer 
ofthe skin found below the epidermis 


each will depend on the individual, 
heavily influenced by their sex. 

The biology of both types of hair is 
quite similar, with each containing a 
cuticle, cortex and medula, which 
together form the shaft, bulb and 
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Sebaceous gland % , Sweat gland 
tn, This gland, situated near to 


These microscopic glands 
secrete an oilysubstance 
called sebum to lubricate 
the skin and hair. 


the hair follicle, releases 
sweat when the body is 
overheating to cool the body. 


grey hair results from a disappearance 
of melanin from the hair. 

Hair can grow up to 5.5 metres long 
in some individuals that see high 
levels of hair growth in the active 
phase, but most hair reaches a set 


fibre -ifitis circular it will be straight, 
but ifit is oval it will be wavy or curly. 
The degree of curliness is determined 
by howstretched the oval shape is. 
Functions of hair and fur in 
mammals are wide ranging, with 


but above the subcutaneous tissue - 
and is exclusive to mammals. 

The human body is nearly entirely 
covered in hair, although some of it is 
so fine you cannot see it unless you 
look very closely. This fine hairis 
called vellus hair and the thicker, 
pigmented hair that is more visible is 
called either terminal or androgenic 
hair, dependent on location. Ratios of 





follicle. The major difference between 
vellus and androgenic or terminal hair 
is the pigmentation, whichis 
determined by melanin situated in 
the cortex, and thickness of the hair. 
There are two types of melanin - 
eumelanin and pheomelanin-and 
the levels of these types determine the 
colour of the hair. Although colour is 
primarily determined by genetics, 


Growth phase (anagen) 
This is the phase when hair 
grows out from the follicle. The 
length of this phase can vary 
quite dramatically, dependent 
on where the hairis growing and 
what type of hair itis. Vellus hair 
grows fora short period of time, 
whereas the terminal hair 
situated on the head can grow for 
up toayear and can grow up to 
5.5 metres long. 


length and will then rest before 
shedding. The length of the phases 
differ depending on the type of hair, 
with head hair havinga long growth 
period of arounda year and body hair 
having a much shorter period of 
growth, butan extended resting 
period before shedding. 

Whether hair is curly or straight is 
determined by the shape of the hair 


Regeneration 
phase (catagen) 

In this phase, the hair 
detaches from the follicle 
and the blood supply and 
is pushed up through the 
skin out of the follicle. The 
follicle renews itself in 
readiness for another new 
hair to grow once the 
present hair hasshed 
from the skin. 





thermoregulation being among the 
most important, alongside sensory 
function. As humans have evolved, 
we've seen a massive reduction in the 
thickness of hair covering our bodies, 
as we've found other ways to keep 
warm. The hair on our heads is 
retained to aid thermoregulation and 
in other areas, the functions of which 
are debated. 


Resting phase 
(telogen) 

The hair rests 

for between one 
and four weeks 
before anew 

hair pushes the 
present hair out. 
This will happen 
allacross the body 
and with all types 
of hair. 
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“Amine hormones are secreted b 
the thyroid and adrenal medulla 


Controlling the human body 


Honnones 


How the human endocrine system develops 
and controls the human body 


The glands in the endocrine system 
use chemicals called hormones to 
communicate with and control the 
cells and organs in our bodies. They 
are ductless glands that secrete different types of 
hormone directly into the bloodstream and 
target specific organs. 

The target organs contain hormone receptors 
that respond to the chemical instructions 
supplied by the hormone. There are 50 different 
types of hormone in the body and they consist of 
three basic types: peptides, amines and steroids. 

Steroids include the testosterone hormone. 
This is secreted by the cortex of the adrenal 
gland, the male and female reproductive organs 
and by the placenta in pregnant women. The 
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majority of hormones are peptides that consist of 
short chains of amino acids. They are secreted by 
the pituitary and parathyroid glands. Amine 
hormones are secreted by the thyroid and 
adrenal medulla and are related to the fight or 
flight response. 

The changes that are caused by the endocrine 
system act more slowly than the nervous system 
as they regulate growth, moods, metabolism, 
reproductive processes and a relatively constant 
stable internal environment for the body 
(homeostasis). The pituitary, thyroid and adrenal 
glands combine to form the major elements of 
the endocrine system along with other elements 
such as the male testes, the female ovaries and 
the pancreas. 


Excess testosterone 
can make you do some 
extreme things! 


ls part of the immune 
system. It produces 


behaviour of white blood 
’ T-cells. 


Adrenal glands 
Controls the burning of 

protein and fat, and 

regulates blood pressure. 
The medulla secretes 
adrenaline to stimulate 
the fight or flight 
response. 


Adrenal gland “ 


We have two adrenal glands that are positioned on top of both 
kidneys. The triangular-shaped glands each consist of a two- © 


centimetre thick outer cortex that produces steroid hormones, 
which include testosterone, cortisol and aldosterone. 


The ellipsoid shaped, inner part of the gland is knownas the 
medulla, which produces noradrenaline and adrenaline. These 2 


hormones increase the heart rate, and the body’s levels of oxygen 


and glucose while reducing non-essential body functions. 

The adrenal gland is knownas the ‘fight or flight’ gland as it 
controls how we respond to stressful situations, and prepares the 
body for the demands of either fighting or running away as fast as 
you can. Prolonged stress over-loads this gland and causes illness. 
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: thymosins that control the 


Hypothalamus 
Releases hormones to the 
pituitary gland to promote 
its production and secretion 
of hormones to the rest of 
the body. 


Pituitary gland 
Releases hormones to 
the maleand female 
reproductive organs and 
to the adrenal glands. 
Stimulates growth in 
childhood and 
maintains adult bone 
and muscle mass. 


Pineal gland 
Secretes melatonin, 
which controls sleep 
patterns and controls the 
production of hormones 
related to the 
reproductive organs. 





PK Im ages 


Medulla 































Hormone replacement therapy (HRT) 
Atmenopause, women no longer have ovarian follicles to secrete 
oestrogen. The reduction of oestrogen levels can cause insomnia, 
depression and more. HRT uses controlled doses of oestrogens and 
progesterone to help alleviate these symptoms. 





Pituitary gland 





neurons 
These synthesise The pea-sized pituitary gland is a major production of sperm cells. The posterior 
and send hormones endocrine gland that works under the lobe stores vasopressin and oxytocin that 
tothe posterior lobe. control of the hypothalamus. The two is supplied by the hypothalamus. 
organs insidethe brain workinconcertand Vasopressin allows the retention of water in 
Portal veins mediate feedback loops in the endocrine the kidneys and suppresses the need to 
scamscereirtntiney system to maintain control and stability excrete urine. It also raises blood pressure 
ening tains within the body. by contracting the blood vessels in the heart 
anterior lobe The pituitary gland features an anterior and lungs. 
throughtheseveins. _ (front) lobe anda posterior (rear) lobe. The Oxytocin influences the dilation ofthe 
anterior lobe secretes growth hormones cervix before giving birth and the 
Anterior lobe that stimulate the development of the contraction of the uterus after birth. The 
muscles and bones; it also stimulates the lactation of the mammary glands are 
development of ovarian follicles in the stimulated by oxytocin when mothers begin 
Posterior lobe female ovary. In males, it stimulates the to breastfeed. 
“ a g 
Parathyroid Thyroid and thyroid 
Parathyroid yroid and parathyroids 
with the thyroid Thyroid cartilage 


to control levels . The two lobes of the thyroid sit on each side of the 
of calcium. (Adam's windpipe and are linked together by the isthmus that 

runs in front of the windpipe. It stimulates the amount of 
body oxygen and energy consumption, thereby keeping 







Thyroid the metabolic rate of the body at the current levels to keep 
Important for you healthy and active. 

ae te The hypothalamus and the anterior pituitary gland are 
body. Itreleases T3 in overall control of the thyroid and they respond to 

and T4 hormones to : changes in the body by either suppressing or increasing 
control the Right thyroid stimulating hormones. Overactive thyroids cause 
oe of wee lobe excessive sweating, weight loss and sensitivity to heat, 

ana store it, orreiease 


whereas underactive thyroids cause sensitivity to hot and 
cold, baldness and weight gain. The thyroid can swell 
during puberty and pregnancy or due to viral infections or 
lack of iodine ina person’s diet. 

The four small parathyroids regulate the calcium levels 
in the body; it releases hormones when calcium levels are 
low. Ifthe level of calcium is too high the thyroid releases 
calcitonin to reduce it. Therefore, the thyroid and 
parathyroids work in tandem. 


itas energy. 


Left 
lobe 





Pancreas 


intai = Islets of Red blood Aci ll 
Manuinsheaty  ~--s Pancreatic cells Grohe:  & Tassos 
the blood stream. 














intestine. It consists of two types of cell, the exocrine cells that do not 
secrete their output into the bloodstream but the endocrine cells do. 


\ The pancreas is positioned in the abdominal cavity above the small 


Female Ovaries The endocrine cells are contained in clusters called the islets of 
Arestimulated by saa 
hormoncatamithe Langerhans. They number approximately 1 million cells and 
pituitary glandand are only one or two per cent of the total number of cells in : /— ~e 
control the the pancreas. There are four types of endocrine cells in en 
menstrual cycle. the pancreas. The beta cells secrete insulin and the (@) 

‘> 


alpha cells secrete glucagon, both of which / lk 
stimulate the production of blood sugar (glucose) 
in the body. If the beta cells die or are destroyed 
it causes type 1 diabetes, which is fatal unless 
treated with insulin injections. 

The other two cells are the gamma and 
delta cells. The former reduces appetite fo) 
while the latter reduces the absorption of food 


in the intestine. to the intestine. 
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Magnetism is the force of nature 
responsible not only for our ability to 
live ona rock floating through space, 
but also for major technological 
achievements that have advanced 
the human race like never before. Computers rely on 
them, our livelihood on Earth depends on their 
principles and our greatest science experiments use 
the most powerful magnets ever created by man. 
Were it not for magnetism we simply would not 
exist, and indeed without discovering the power of 
this fundamental force of nature, our life on Earth 
would bear no resemblance to what it is today. 
Scientists over the years have employed 
magnetism in new and innovative ways, delving 
into realms of particle physics otherwise 
unexplored, but let’s take a look at how basic 


_ 
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magnets are made. It’s fairly common knowledge 
that objects can be magnetised, making them stick 
to other magnetic objects, and we know that things 
such asa fridge or horseshoe magnet always have 
magnetism. To make permanent magnets like 
these, substances such as magnetite or neodymium 
are melted into an alloy and grounded intoa 
powder. This powder can be moulded into any 
shape by compressing it with hundreds of pounds of 
pressure. A huge surge of electricity is then passed 
through it fora brief period of time to permanently 
magnetise it. Typically, a permanent magnet will 
lose about one per cent of its magnetism every ten 
years unless it is subjected to a strong magnetic or 
electric force, or heated toa high temperature. 

Now let’s take a look at the magnets themselves, 
and what’s in and around them. Surrounding every 





magnet isa magnetised area known asa magnetic 
field that will exerta force, be it positive or negative, 
onan object placed within its influence. Every 
magnet also has two poles, a north and south. Two of 
the same poles will repel while opposite poles 
attract. Inside and outside a magnet there are closed 
loops known as magnetic field lines, which travel 
through and around the magnet from the north to 
south pole. The closer together the field lines of this 
magnetic field are, the stronger it will be. This is why 
unlike poles attract - the magnetic forces are moving 
in the same direction, so the field lines leaving the 
south of one magnet have an easy route into the 
north of another, creating one larger magnet. 
Conversely, like poles repel as the forces are moving 
in opposite directions, hitting one another and 
pushing away. It’s the same effect as other forces. If 





Magnetite 


This iron oxide mineral, 

also known as lodestone 
(translated as ‘course stone’), 
was once used as a primitive 
compass, as it can be found 
naturally magnetised. 


So what’s the difference between the 
atoms of magnetic and non-magnetic 
elements? Well, the main difference is 
the appearance of unpaired electrons. 
Atoms that have all their electrons in 
pairs can’t be magnetised, as the 
magnetic fields cancel each other out. 
However, atoms that can be 
magnetised have several unpaired 
electrons. All electrons are essentially 
tiny magnets, sowhen theyare 


unpaired they can exert their own force 
~- known asa magnetic moment - on the 


atom. When they combine with 
electrons in the other atoms, the 
element as a whole gains a northand 
south pole and becomes magnetised. 


NSIDE 
MAGN 


An object that can become 
magnetic is full of magnetic 
domains, chunks of about i 
one quadrillion atoms. When 
the object is magnetised, the 
domains line up to and point in 








the material. 


you push a revolving door while 
someone pushes from the other side, 
the door stays still and your forces 
repel. Ifyou push in the same 
direction, however, the door swings 
round and you end up back at your 
starting point. 

The defining feature of magnetic 
poles is that they always occur in 
pairs. Cuta bar magnetinhalfanda 
new north and south pole will 
instantly be created on each of the 
two new magnets. This is because 
each atom has its own north and 
south pole, which we will talk about 
later. However, the obvious question 
is why the poles are there in the first 
place. Why do magnets have to have 
these field lines moving from north to 
south? The answer involves magnetic 
domains. Itis best to picturea 
magnet as smaller magnet chunks 
put together. Each chunk (or domain) 
has its own north and south pole and 





= 


the direction of the magnetic field now present. 

This is why a magnetic object is sometimes stroked 
with a magnet to magnetise it. Italigns the domains in 
one direction, so that a magnetic field can flow around 


Pyrrhotite 


The most common naturally 
magnetic mineral after 
magnetite, some pyrrhotite 
specimens have a weak 
amount of magnetism, 
enough to attract a paper clip. 


Nucleus 
Electrons of an atom 
orbit around the nucleus 
in thesame way planets 
orbit the Sun, but this 
is due to the 
electromagnetic 
force and 
not gravity. 


Unpaired 
electrons 
Some atoms contain 
unpaired electrons, free to exert 

a magnetic moment (force) on the 
atom with a north and south pole. 


Unmagnetised 


Magnetised 
Introducing a magnet or electric 
current to the substance makes the 
domains all point in thesame 
direction, witha magnetic field 
running from the north to south poles. 


again, as explained before, magnetic 
field lines travel from north to south. 
This means that all the domains stick 
together, with their forces 
concentrated in the same direction. 
They combine to make a larger 
magnet, exactly the same effect as 
when two magnets are stuck 
together. Each domain has about 
1,000,000,000,000,000 (1 quadrillion) 
atoms, while 6,000 domains are 
approximately equivalent to the size 
ofa pinhead. Domains withina 
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With no magnetism, the object 
does not havea northand south 
pole, so there is no magnetic field 
present to align the domains. 


Haematite Earth Magnetar 
Often considered to be The Earth acts as a magnet Often referred to as the most 
non-magnetic, atoms within a due to electric currents powerful magnet in the 


haematite crystal are seen to 
align with one another very 
slightly, indicating a tiny 
magnetic force. 


Paired electrons 


Moving electrons create 
magnetism due to their 
electric charge, butin 
most atoms electrons 
are pairedand 
there’s no resultant 
magnetic force. 


Shells 
Electrons travel round 
the nucleusin shells, 
moving in cloud-like orbits 
rather the common description 
of them as rigid circles. 


Scattered 
Whena substance that can be 


magnetic is unmagnetised its 
domains go in random directions, 


cancelling each other out. 


Aligned 

When the domains are lined 
up, the substance asa whole 
becomes a magnet, with one 
end of it acting as anorth pole 
and the othera south. 


magnet are always aligned, but 
elements such as iron, which can 
become magnetic, initially have their 
domains pointing in random 
directions when theironis 
unmagnetised. They cancel each 
other out until a magnetic field or 
current is introduced, making them 
pointin the same direction and 
magnetising the iron, which creates 
its own new magnetic field. 

To really understand magnets, 
though, we need to get into exactly 


An electronic motor relies 
on magnets 





in the core, similar to an 
electromagnet, but its 
magnetic field is 100 times 
weaker than a fridge magnet. 


universe, if this rotating star 
came within 100,000 miles of 
Earth it would wipe every 
single one of our credit cards. 


Ferromagnetism NY 
Thestrongest magnet in this list, aferromagne: 
will retain its magnetism unless heated toa 
temperature known as the Curie point. Cooling 
it again will return its ferromagnetic properties. 
Every atomina 
ferromagnetic 
material aligns 
whena magnetic 
field is applied. 
Horseshoe 
magnets are 
ferromagnets. 


© Gregory F. Max 


Ferrimagnetism 

Ferrimagnets have a constant amount of 
magnetisation regardless of any applied 
magnetic field. Natural magnets like lodestones 
(magnetite) are ferrimagnets, containing iron 
and oxygen ions. Ferrimagnetism is caused by 


some of the 
atomsina » 

P, 
A 


mineral aligning 

in parallel. Itis 

different from 

ferromagnetism 

in that not every 

atom aligns. 

Antiferromagnetism 
Atlowtemps, the atomsinan antiferromagnet 
PUbresepberstelalercbecll(mpaveje)uistateesBentl-selca(epece el 
to anantiferromagnet such as chromium will 
not magnetise it, as the atoms remain opposed. 
Heating to Néel . Bel 

temp (when 

paramagnetism 

can occur) will 

allow weak Z 

magnetism, but 2) 

furtherheating <=) 

willreversethis. & 


Ryan Somma 
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Paramagnetism 

Paramagnets, such as magnesium and lithium, 
have a weak attraction to a magnetic field but 
don’t retain any 

magnetism 

after. It’s caused 

by atleast one 

unpaired 

electronin the 

atoms ofa 

aitelicve tele 


Diamagnetism 

Gold, silver and many other elements in the 
eleva (eleb (en ecle)(cr-beckeotclastclaelcitcmm Belotmentcraelaale 
loops around the atoms oppose applied fields, 
so they repel magnets. All materials have some 
magnetism, but 
only thosewitha 
form of positive 
magnetism can 
cancel the 
negative effects 
caused by 
diamagnetism. 


© Jeff Belmonte 
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"Electrons are just like tiny magnets, 
each with a north and south pole’ 





The laws of attraction revealed 





no, as we delve into the unknown 
areas of quantum physics. The 
underlying principle of magnetism is 
that in the universe there are four 
fundamental forces of nature, being 
gravity, electromagnetism, the weak 
force and the strong force. Even 
smaller than atoms and electrons are 
fundamental particles known as 
quarks and leptons, which are 
responsible for these forces. Any force 
-such as gravity, magnetism, nuclear 
decay or friction —- results from these 
fundamental forces. A force such 

as magnetism at this level is ‘thrown’ 
between particles on what are 
known as force carrier particles, 
pushing or pulling the other particles 
around accordingly. 

Unfortunately, however, at this level 
magnetism enters a completely 
different realm - that of theoretical 
physics, entering areas of quantum 
physics that have not yet been explored 
in as great detail as particle physics. For 
now, however, this standard model of 
physics explains magnetism to a level 
that can only actually be furthered 
when science can advance our 
understanding of quantum physics in 


what is happening inside these 
domains. For that, we need to get right 
down into the atom. Let’s take an iron 
atom, for example. Electrons circle the 
nucleus of an atom in cloud-like 
orbitals, commonly described as rigid 
shells (although in actuality, their 
motion is much more random). Each 
atom has a particular number of shells 
depending on how many protons and 
neutrons it has, while within each 
shell electrons orbit in pairs. Electrons 
are just like tiny magnets, each one 
having its own north and south pole. 
In their pairs, the electrons cancel out 
one another so there is no overall 
magnetic force. Inan atom such as that 
of iron, however, this is not the case. 
There are four electrons that are 
unpaired, which exert a magnetic 
force on the atom. When all the atoms 
are combined together and aligned, as 
we explained when talking about 
domains, the iron itself becomes 
magnetised and attracts other 
magnetic objects. 

So we've snapped our magnet, 
broken itinto chunks and 
subsequently examined the atoms of 
those tiny chunks. But can we go 


EARTH’S 
MAGNETIC FIELD 





It’s best to imagine the Earth asa bar magnet 12,400 miles (20,000km) long. The 
magnetic fields move around us like they would in a fridge magnet, but they also 
protect us from the universe. Compass needles always point to a magnet’s south 
pole, so the Earth’s geographical north pole is actually magnetically south. 





Key: ——--=* wandering path of the magnetic north Magnetic movement 
© rotational north pole The North Magnetic Pole moves up to 
1mm asecond because of changesin 
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—™ see ~ Electric fields 
A GaGa ne f Go. Gas Awire wrapped around a 
magnetic core, suchas iron, 


One of the four fundamental forces in the universe, 
electromagnetism results from the interaction of 
electrically charged particles. Physicist Michael 
eeveclot\aelselelacremeetclm-Reletcbetcabetemertctcaelcia(emecclel 
produces an electric field, while James Maxwell 
discovered that the reverse is also true: a changing 
electric field produces a magnetic field. This is the 
basis of how an electromagnet works. 


acurrentruns throughit, in 


Coil 


flowing in one direction, 


magnifying the force proportionally. 
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produces electric fiekis when 
turn creating a magnetic field. ¢ 
The number ofcotls will increase 


thestrength ofthe electromagnet 
because there is more current 





Core 


unaligned until a magnetic field is 


<4 ; As discussed on the previous page. 
\\ Ww I—NI-SI-S the domains within the core are 


= # introduced, created bya moving 


currentin the coil. 


Magnetic field 

The wire’s magnetic field combines 
with the field of the core to produce 
astronger field, witha larger 
current aligning more domains 
and increasing its strength. 


1.12 Tesla 


The world’s most powerful 
MRI scanner at Oregon 
Health and Science 
University helps to provide 
unprecedented insight into 
*\ the human brain. 


2. 45 Tesla 
% hybrid 


8 trillion times stronger than 
a fridge magnet, this 
electromagnet at Florida 
State Uni has the strongest 


( 3.100 Tesla 
At a laboratory in Sarov, 
Russia in 1998, explosives 
helped to create a 2,800 
Tesla magnetic field, 
instantly destroying 
continuous magnetic field. +. the machine. 


MAGNETS IN YOUR HOME 


You'll be surprised at the number of magnets that are under your rool... 


Vacuum cleaner 

Electromagnetism is used here to produce the 
desired effect. Amagnetically conducting 
material is inside the motor of the vacuum 
cleaner. When an electric current is introduced 





— 





Microwave 

Inside a microwave ovenisa magnetron, 
which contains magnets. Strong 
permanent magnets are mounted inside 
this tube. When electricity passes through 





the magnetron, the resultant electric and 
magnetic fields produce electromagnetic 
energy in the form of microwaves. 


to a coil around the materia!, repulsive forces 
make the motor spin. The material loses its 
magnetism when the vacuum is turned off. 








Doorbell 

For a buzzer-style doorbell, 

pressing the button moves Computer 
and releases a contact Like credit cards, the storage clisks inside 
from an electromagnet to computers are coated with bits of iron. By 
break and complete a changing the magnetic orientation of the 


circuit. A chiming doorbell, 
meanwhile, moves an iron 
core throughan 





3 


iron, a pattern can becreated tostorea 
particularset of data. This pattern can be 
read by the computer and replicate the 


electromagnet coil and data onscreen. The monitor itself uses 
back when the button is magnets in the same way as an old 
pressed, hitting twochime cathode ray tube TV (see television). 


bars in sequence. 


a6 











Credit card 
Using electromagnetism, Allcredit cards havea 
most speakers contain a black strip on them, 
stationary magnet anda known as a magnetic 
wire coil inside asemi-rigid stripe. Inside, minuscule 
membrane. When a current bits ofiron are heldina 
runs through the coil, the Television plastic film. These can be 
membrane rotates in and Most modern LCDor plasma TVs don't use . magnetised ina north or 


out because of the force 
between coil and magnet, 


magnets. However, older models use a cathode ray 


tube to fire electronsagainst the backofthe | 


south direction to store 
important data. When you 


creating vibrations that screen. Coatedin phosphor, partsofthescreen | 4 swipe the card througha 
produce sound. Phone 2 glowwhen struck by the beam. Coils produce ; | machine, the line of tiny 
speakers use this same magnetic fields that move the beams horizontally magnets is read and 


mechanism, Ohly smaller. 





EIVIP 


An Electromagnetic Pulse (EMP) works by overwhelming electric 
circuits with an intense electromagnetic field. A non-nuclear EMP 
explodes a metal cylinder full of explosives inside a coil of wire, 
pushing out magnetic and electric fields that fry electric circuits. A 


nuclear EMP would explodea 
alba (arcDaeleenlepnemaels 
atmosphere. The resultant 
gamma radiation would take in 
positive air molecules but push 
out negative electrons, sending 
a large electromagnetic field in 
all directions. A10-megaton 
device detonated 200 miles 
(320km) above the centre of the 
Ojeviccemeleclencateleulemelace ae) 
every electronic device in the 
country but leave structures 
and life intact. 


Buildings would survive; 
electronics wouldn't 


and vertically to produce the desired picture. 


Solar blackout 2013? 


Could the geomagnetic 
storm 0f1859 be repeated? 


information is obtained. 





In 1859, a great geomagnetic storm 
Nab elere meleimac-Derservicty(ejemesle)(a 
and set fire to telegraph offices 
when the Sun went througha 
period of intense solar activity. 
Scientists at NASA have warned 
that a similar storm could occur in 
2013. The Sun’s magnetic cycle 
peaks every 22 years, while every 
11 years the number of sunspots 
and solar flares hits a maximum. If 
we were to experience a 
geomagnetic superstorm on the 
same scale as that in 1859, our 
many electronic devices would be 
damaged. Networks would go 
offline, aircraft couldn't fly, 
satellites would be destroyed. 
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The acid-alkaline scale 


Acids and bases 


Discover the differences between 
acids and bases, and find out wh 
they act the way they do 


Itis widely known that lemons 
taste sour due to their acid content, 
soil needs the optimum pH level for 
plants to grow properly and acid 
rain can wipe out entire ecosystems. But what 
really makes one thing acidic and the other one 
basic (alkaline)? Why can they beso corrosive? 
And why does litmus paper turn different 
colours when dipped in acid ora base? 

Acids and bases can be defined in terms of 
their concentration of hydrogen ions. Normally 
an atom of hydrogen consists of one proton and 
one electron giving ita balanced electrical 
charge —- protons being positively charged and 
electrons being negatively charged. Take away 
the electron and you are left with an ion of 
hydrogen, ora single proton, or ‘H+’, asitis 
often written. The thing about ions is they are 
very reactive, as they no longer have a balanced 
charge. They are constantly seeking ions of the 





opposite charge - an atom or molecule withan 
unequal number of electrons than protons, 
with which to react. 

Astrong acid hasa high concentration of H+ 
ions and is defined by its ability to ‘donate’ 
hydrogen ions toa solution, whereas a base, 
also knowasanalkali, hasa much lower 
concentration of H+ ions and is defined by its 
ability to ‘accept’ hydrogen ionsina solution. 
Therefore, acids mixed with bases become less 
acidic and bases mixed with acids become less 
basic, or less alkaline. 

Certain concentrated bases, like some 
concentrated acids, can attack living tissue and 
cause severe burns due to the ions reacting 
with the skin. However, the process of bases 
reacting with the skin, and other materials, is 
different to that of acids. That’s why we call 
some concentrated acids ‘corrosive’, whereas 
reactive concentrated bases are ‘caustic’. 


The letters pH stand for ‘power of hydrogen’, as the scale refers to the concentration of 
hydrogen (H+) ions in the solution. It measures the acidity or basicity of a solution, with pH 
values ranging from 0-14, 0 being really acidic and 14 being really basic. Asubstance in the 
middle of the scale with a pH of 7is classed as neutral, as it contains equal numbers of 


oppositely charged ions. 








gcid has a high 


gtion of H+ ions” 


Acidsand bases have many uses, but 
stronger ones can be harmful 

















A compound which ‘donates’ 
hydrogen ions when placed 
in an aqueous solution. The 
higher the concentration of = - = - > 
hydrogen ions released, the 
stronger the acid. 
: 
® Black a 
bd , ; Cola Levels of acids foundin 
Sulphuric acid Cola contains coffee can be affected by 
Used in the production of phosphoric acid, which the altitude at which the 
fertilisers, this strong has been linked to the coffee was grown and 
acid isa chemical found lowering of bone density the minerals presentin : 
t inacid rain. : in various studies. Beer the soil. e 
x Hydrofluoric acid . |. Various acids are formed Cow’s milk 
2 Ahighly corrosive Lemon juice during the fermentation Milk goes sour over 
= substance which asa gas Lemon juice is about 5% process in beer production. time due to the 
5 isasevere poison and citric acid -a weak organic The addition of CO, also bacteria producing 
= : acts a catalystin acid that gives lemons their causes the pH to lactic acid as part ofa 
e 2. , oil refining. sour taste. lower slightly. fermentation process. 
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MOST CORROSIVE 


Head 


to Head 


CORROSIVE 
SUBSTANCES 





The litmus 
test 


We can test the acidity or alkalinity ofa 
substance using litmus paper. Litmus paper 

is that which has been treated with a mixture of 
10-15 natural dyes obtained from lichens. The 
dyes work as indicators, whereby upon exposure 
to acids (a pH less than 7) the paper turns red 

and upon exposure to bases (a pH more than 7) 
the paper turns blue. When the pH is neutral 

(pH equal to 7), the dyes cause the paper to 

turn purple. 

Red cabbage juice can also be used to 
distinguish between acids and bases, as it 
contains a natural pH indicator called ‘flavin’. 
Upon exposure to acid, flavin turns a red colour, 
neutral solutions appear a purple colour and 
basic solutions result in a greenish-yellow colour. 

















MORE CORROSIVE 


1. Sodium 
hydroxide 
This is a highly caustic 
base that in high 

4} concentrations can be 
severely damaging to 
living tissue. 


acl 





Neutralisation 


Aneutralisation reaction is the combination ofan 
acid and base that results in a salt and, usually, 
water. In strong bases and acids, neutralisation is the 
result of the exchange of hydrogen and hydroxide 
ions, H+ and H- respectively, which produces water. 
With weak acids and bases, neutralisation is simply 
the transfer of protons from an acid toa base. The 
production of water, witha neutral pH of 7, indicates 
the neutralisation of the acid and base, while the 
resultant salt will often have a pH that is also neutral. 
Neutralisation has a variety of practical uses. For 
example, as most plants grow best at neutral pH7, 












to p 
NaOH 


2. Hydrofluoric 


Hydrofluoric acid is 
highly corrosive, and it 
has the ability to 
dissolve most oxides 
including glass. 





How do an acid and base react 
roduce salt, water and heat? 


HCl 


e)> Se 





3. Sulphuric 
acid 

Sulphuric acid releases 
heat upon contact with 
water, used in the steel 
industry to remove rust 
and oxidisation. 





Wasp stings are alkaline, so anacid-like 
vinegar will neutralise them 


acidic or alkaline soil can be treated with chemicals 
to change its pH. In the case of acidic soil this is often 
calcium carbonate (chalk) or calcium oxide 
(quicklime). Another example is the human stomach, 
which contains hydrochloric acid. However, too 
much can lead to indigestion, so the acid can be 
neutralised with a base such as an indigestion tablet. 








NaCl +H.O 





= 


Byremoving the 
Sodium acid H+ions,thealkali Neutral Neutral sodium 
This strong alkali (a base Witha pH of1or2, the H+ neutralises the waterof chloride, or 
soluble in water) hasa pH ionsofthisstrongacidare §_acidandturnsthe _—pH7is table salt, is 
of13 or 14. removed by the alkali. ions into water. produced. alsoproduced. 


A 








compound 
which 
: ‘accepts’ 
; hydrogen ions 
i an ; in anaqueous 
isti : Ammonia : solution. 
bigcoee ae é ™ someran FS é& Contains ions of 
rewateris en placed in water, : j 
neutral asit Toothpaste ammonia removes Caustic oven the opposite 
contains thesame Acidic toothpaste can protons fromasmall cleaner ; charge. For 
amount of positive put enamel atrisk of fraction of the water to Heavy-duty oven example, 
ions as negative decay, so a weak base formammonium and cleaners can be really hydroxide (OH-) 
ions, though most suchas sodium hydroxide. Itis used in caustic and corrosive, : whichis 
water isn't purein hydroxide is added in many cleaning products helping to break down ® naturally found 
this sense. der to regulate the pH. for its basic properties. fat and grease. i 
order to regulate the p or its basic properties atand grease Caustic soda jn waterandis 
_e ° ; e Chemically knownas sadativel 

Baking soda Milk of magnesia Bleach sodium hydroxide, in its goalie 4 
Aslightly salty substance Aweak base of magnesium Can contain sodium purest form itis a white charged. 

used asa base in foods to hydroxide in water, used to hypochlorite at different solid and can cause severe 

regulate the pH if ~~ | Case stomach aches caused strengths, makingita burns due to its 
something is too acidic. — by too much acid. strong caustic base. high alkalinity. 
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Cellulite affects go per cent of post- 
gdolescent women but Is rarely seen 
In men due to their thicker skin 





Tooth pain / Cellulite / Oxidisation 


Toothache 


What causes this excruciating 
pain in our mouths? 


Bacteria and acidin 








Dentin 

food and drink Located between 

erodes the hard, the pulp and the 

white enamel enamel, dentin | 
coating on top of your teeth. decaysfrom ‘\iaemaaiaia lt 

bacteria and acid, ’ > me 
Once this enamel has been Fat cells 
exposing the pulp - ) 

eroded, the dentin below will cavity inside. i | 


also start to decay until it aeN 
exposes the tooth’s pulp. Pulp 

consists of blood vessels and 

nerve endings, which allow us @ 

to feel pain. When the pulp is a 
exposed to water and saliva, hot, e 
cold, sweet and sour substances 
activate the nerves and cause [ 
pain. Further tooth decay will , 
uncover more of the pulp cavity, 






intensifying the ache. Pulp cavity 
The nerves and 
Sometimes the pain froma blood vessels of | 
tooth is so intense that the the pulp cavity ‘ . 3") . : 
nerves sendthewrongsignalsto causepainwhen — ame Xi 
the brain, anda healthy tooth on theyareuncovered ¥ ~ © 


the other side of the jaw may 
incorrectly seem to ache. 


What Is rust? 


Learn why some objects turn a reddish 
brown when exposed to oxygen 


“~~ Cellulite 


What is the cause of this bump 
and dimple effect on the skin? 


Cellulite is a skin condition resembling orange peel where 
pockets of fat are trapped and result in dimpling ofthe 
skin occurring. Cellulite occurs beneath the surface of the 
skin (the epidermis) in the subcutaneous level. Here, fat 
cells are arranged in segments and are surrounded by septae, a 
connective tissue that attaches from the muscle to the dermis (the 
layer below the epidermis) and allow the skin to flex. The fat cells 
expand and stretch the septae as they retain water, but over time 





The technical term for latter will combine with carbon 
rust is oxidisation, when dioxide in the air to form a weak acid. 
oxygen comes into contact 

? withanobjectand creates 





anew compound. The red rust colour 
is caused by the oxidisation ofiron. 
Only objects that contain iron-such 
as an iron alloy like steel -are capable 
of producing rust. 

When an object containing iron 
comes into contact with water, the 
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Some of the iron subsequently 
dissolves and the water separates into 
hydrogen and oxygen. The free 
oxygen bonds with the dissolved iron, 
creating iron oxide, which hasa red 
hue. Rust is crumbly and brittle 
because the bonds within the iron 
oxide atoms are much weaker than 
those of regular iron. 


Rust isa chemical reaction that 
occurs between iron, oxygen 
and water 


waste products and toxins may cause the septae to harden. When this 
happens, the section of skin attached to a specific septae is no longer 
flexible, holding the skin down. The fat continues to expand in other 
areas, bulging the skin out and giving a lumpy appearance on the 
surface of the skin known as cellulite. ~ 





5 TO Pp First aid trained buddy Snorkel and mask 
Due to the complications that A snorkel is often used by the 
can occur with freediving, diver to aid release of air. The 
{ : gS every sensible freediver has a mask is crucial so the diver 
first aid trained buddy ready at can see which way they are 
I TE M S I N A the surface. They can help swimming and the surface 
FREEDIVER KIT them if they get into trouble. when they are ascending. 





PEE VACA Hum 


DEEPEST 
DIVES 


Which creatures can dive 
to the deep, dark depths of 
the ocean and survive? 
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Weights 


Weights help the diver 
descend, and in various 
freediving disciplines (such as 
variable weight apnea), 
weights are used to speed up 
the process. 
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Flippers (fins) Wetsuit 


Sometimes used, and A good wetsuit will help the 
sometimes not. They are used individual retain heat in the 
in the disciplines of freediving colder water of the deep, and 
when distances are key, such also smoothes the body 

as the dynamic apnea with surface of the diver to reduce 
fins discipline. drag during descent. 


brain damage can occur ofter three minutes 


diving reflex 
A trait we share 
with dolphins 


There are four primary 
adaptations that the human 
body makes during 
freediving. The first isa drop 
in heart rate, which 
ultimately slows body 
functions and causes the 
body to use less oxygen. 
Alongside this, 
vasoconstriction occurs and 
the spleen releases extra red 
blood cells - the latter 
ensures oxygen levels rise 
slightly and the former 
ensures oxygen is delivered 
to the vital organs as opposed 
to the limbs. Large muscles 
constrict to aid this process. 
| Also, dependent on the 
depth, blood plasma will fill 
Neichted belts blood vessels in the lungs to 
an be worn tc reduce volume, which will 
ct stop damage occurring when 
the body is exposed to 
pressure created by diving to 
depths greater than 30m. 
Dolphins and seals display 
these same traits and 
archaeologists have seen 
evidence of individuals using 
freediving to source food 
and resources from as early 
as the 5th Century BCE. 


“Long-term is often split into 
different types of memory” 





The memory process 











We take it for granted, 
but how do we retain and 
utilise information from 
our environment? 


Memory is the capacity to store and retain 
information, then recall it for use when needed. It is 
used by most organisms to operate in the most 
successful manner they possibly can in their 
unique environment. There are three main types of memory: Frontal lobe (including  — 
sensory, short-term and long-term, although long-term is often the pre-frontal cortex) 

split into different types of memory. Sensory memory is a very The frontal lobe plays a crucial 








short-term type of memory, which is evoked through the rolein storing long-term 
senses. It lasts for a few seconds at most and is not stored. memories, in particular those 
Short-term memory is a slightly longer-lasting form, sitting at re -—_ 

ry 8 "y 8 ‘ 8 8 social norms and expectations. 
around 20 secs. It’s the recording of memories currently being 
used -ie, remembering anumbertodialinthenext30seconds.  Pytamen 
If the information is repeated, however, it causes pathways to This area of the brain is ——~ : y 
form between neurons in the brain and a phrenological loop to veryimportantinmovement,  Thesegroupsof nuclei playavery — } he, 
be formed, causing a memory to be stored as a long-term therefore it is an important important role in the forming of q 

area for procedural emotional memory, suchas 


memory. Unless this repeated firing of the neurons occurs, 





forced by repeating of the information, amemory will be lost. 5 act oe 

When we cannot remember something, it’s generally not "on" Temporal lobe 
because of suddenly developing a degenerating brain disease x | a oA poesia thetraie sn 7. 
like Alzheimer’s - it’s far more likely to be that the correct A, ‘ i aa sees simeemes A 
stimuli have not been presented to prompt retrieval of the » —— J particularly important role in 
memory, or that you did not register or retain the original Cy ana — _ | speech and language. The 
information properly. For example, if you cannot remember SS i a, » 4 hippocampus sits within the 
where you put your shoes when you took them off the night ’ A Lees 
before, it may be that you were not paying attention when you Vd 
put them down and consequently not transferred the memory 
from short-term to long-term in the first place, rather than 
having forgotten. As long as you have registered and retained 
the event, correct stimuli would cause a refiring of the neurons Hippocampus 
fired when creating the original memory, allowing successful The hippocampus ts one of the 


crucial parts of the brain forthe 
transferal of short-term memories 
into the long-term. Damage to this 
area will hinder an individual's 
ability tomake new memories, 


retrieval of the information required. Dependent on its type, a 
memory is stored in different areas of the brain. This helps 
people to store related information more easily, as it can be 
linked to previously stored related material. 
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Autistic skills 


Individuals with autism often 
have skills such as fantastic 
mathematical ability. Some 
individuals such as Stephen 
Williams can draw entire 
landscapes from memory. 


Sleep helps memory 


Sleep is important to memory. 
Although scientists don’t know 
exactly how it affects the 
brain, it has been seen that 
sleep aids storage and retrieval 
of long-term memories. 


Memory and age 


Our memory doesn’t decrease 
very much with age. The 
memory loss we see in older 
people is generally because 
we tend to exercise our brains 
less as we age. 


Complex = memorable 


The more you have to try to 
work out a problem, the more 
likely you are to recall it. 
Initially your brain has to work 
harder, making stronger links 
between the active neurons. 


False memories 


People can ‘remember’ events 
that haven’t happened. Often 
if they’re led to believe 
something, their brain will 
then gather any relevant info 
to form a false memory. 


. Parietal lobe 
This large area of the brain 
7 a plays a crucial rolein 
SK bringing together 
sensory information. It 
is particularly 
™~ ~--™, important for the 
. processing of visual 
information and 
ppt y spatial awareness. 
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Animportant part ofa 
human's memory system, 
this is linked to feedback 
processing and response and 
Cerebellum is thought to regulate activity 
This is avery important in the cerebral cortex. 
area in motor control and, 
to some extent, cognitive 
functions, including Thalamus 
language. Damage to this The thalamus helps to direct the 
area causesissues with brain’s attention to experiences or 
movement, which can events bysending signals to the 
influence everything cerebral cortex. It is important for 
from balance to speaking sensation, motor skills and also 
and walking. helps to regulate sleep. 
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How do we store 
memories : 

Memories are formed in our brains through electronic 
pulses passing between neurons. As neurons fire more 
than once, the pathway and link between the neurons 
strengthens; ifthe first neuron is triggered in the future, itis 
more likely that the others will too. Memories are stored in 


different areas of the brain, depending on what they are 
and what they are used for. 


Input 


Thestimulus fora memory can Neuron 
benearly anything. It can be 

related or unrelated. For 

example, ifyou seea letterbox, Existing 
you may remember you hada synapse 





letter to post, therefore 
stimulating amemory through 
arelated input. However, some 
people use unrelated stimuli, 
like a piece of string tied to their 
finger, which they have formed 
an unrelated link to something 









else with. 
Forged 
new link Circuit formation 
Asamemoryis being 
ay formed, certain neurons 
willlink togetherina 
circuit to store this 
Input memory. Itwill link 
related memories and 
increased repetition of this circuit 
activity firing willstrengthen 
the memory. 
Thisiscalleda 
phrenological oop. 
; New link 
Increasing established 
activity 
Repeated firing of the ap 
neurons involved in the 
first memory formation 
(repetition to remember) A 
willstrengthen the Regular 
memory, as the neuron input 
pathway becomes 
stronger and the memory 
can be retrieved and Facilitated 
utilised faster, synapse 
- 
} ate! 
10 
mins - 
2 years 
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The complex ways 
we remember... 


Sensory memory 

Sensory memory is evoked 
through the senses and is the 
initial perception of something. 
This isa fleeting memory, and will 
not be transferred into short- or 
long-term unless we focus on 
remembering the event. 


Short-term 

This type of memory is stored 
temporarily for up to 20 seconds. It 
can, however, be confused with 
working memory, a separate type 
of memory that allows an 
individual to retain information 
only for long enough to, say, 
complete asum. Unless 
information is repeated several 
times to establish a pathway 
between neurons, it will decay 
and be lost. 


Long-term - procedural 
(implicit) 

This kind of long-term memory is 
howweremember to do things 
suchas ridea bike. Itis where we 
store our ‘body’ memories - our 
motor skills. 


Long-term - declarative 
(explicit) 

This type of memory is how we 
store facts for retrieval, and 
consists of things such as names 
and dates. 


Long-term - episodic 
This is where we store event- 
related memories and link them 
together. For example, ifyou went 
toadinner party you wouldn't 
remember every moment, butyou 
would recall a collection of events, 
smells and sounds which link 
together when you think of the 
overall event. 
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reality of 
cloning 





Inside the nucleus of 
every living cellis DNA, 
the genetic blueprint that 
makes each living 
creature unique. Inrare 
cases, a fertilised egg will divide and 
separate inside the womb, forming two 
embryos with the same DNA. The 
resulting identical twins, which make up 
ascant 0.2 per cent of the world’s 
population, are nature's perfect clones. 

When we think of artificial cloning, 
most ofus tend to fall back on bad 
science-fiction movies where teams of 
evil scientists replicate humans with 
giant photocopiers or grow armies of 
clone babies in glass-walled tanks. The 
reality of artificial cloning is much closer 
to Mother Nature’s model. 

When scientists set out to artificially 
(or asexually) clone an organism, they 


take their cues from natural (or sexual) 
reproduction. In sexual reproduction, 
the sperm and egg cells each carrya 
single set of chromosomes containing 
exactly half of each parent’s genes. When 
the sperm fertilises the egg, the two 
halves of the genetic map combine to 
form a full set of chromosomes that is 
unique from either parent. 

A fertilised egg is called a zygote. As 
the zygote divides and develops into an 
embryo, the same copy of DNA is passed 
along to every cellin the organism, 
whether it’s a liver cell, eye cell or brain 
cell. The cells ultimately look and behave 
differently because different genes along 
the DNAstrand are expressed to perform 
different cell functions. 

The earliest artificial cloning efforts in 
the late-Seventies were quite basic. Ina 
procedure called artificial embryo 





twinning, scientists mimicked the 
natural twinning process by physically 
dividing an early embryo into individual 
cells that had yet to specialise. After a day 
or two ina petri dish, the developing 
identical embryos were implanted into a 
surrogate mother and brought to term. 
But the most effective artificial cloning 
method to date - the one that brought us 
Dolly the sheep in 1996 - is called somatic 
cell nuclear transfer. Somatic cells are 
‘body’ cells like skin or liver cells that 
carry a full copy of DNA. To create a clone 
using this method, scientists extract the 
nucleus ofan adult somatic cell and 
insert it into an ‘enucleated’ egg cell from 
asecond animal, ie an egg whose nucleus 
and original genetic material has been 
destroyed or removed. Lab technicians 
execute these manoeuvres with pipette 
needles 2/10,000th of an inch wide. 








Baby clones? Stem cell research Human-animal hybrids Photocopy clones Clones or twins? 
1 Despite several high-profile Researchers can apply for a In 2008, the Human There is no known technology Twins are clones - two 
claims in the past, there is licence to clone human Fertilisation and Embryology that can create an instant copy of organisms that share the same 


no scientific evidence that embryos for stem cell research. Authority approved research a living organism. Experiments genetic material - but not all 
FE yy (" TS anyone has successfully It is illegal, however, for any of into ‘cytoplasmic’ hybrids, the are intergenerational, meaning clones are twins. If the cloned 
delivered an artificially cloned those embryos to be implanted transfer of human genetic the clone will be younger than organisms are born at the 
C L D N IN G human being. in a surrogate mother. material into a cow egg cell. the original. same time, then they’re twins. 


PE VASA’ The success rate of cloning by somatic cell nuclear transfer is only between one and four per cent 


: —_ wr. 
Cloning isa very controversial 
topic for many people 


Identical twins area fluke. When the 
fertilised egg is only days old, it 
spontaneously and inexplicably splits 
into two equal clusters of stem cells, 
each carrying the exact same genetic 
blueprint. Researchers can mimicthis 
process in the lab by physically 
separating individual stem cells during 
the earliest moments of cell division and 
implanting the identical embryos into 
surrogate mothers. 


5. Herd of clones 


The genetic makeup of the surrogate mothers has 


no effect on the offspring. Each calf carries the 
same exact combination of the original parents’ 
DNA, resulting in identical physical traits. 


Scientists then use a precision jolt of 
electricity or a chemical trigger to 
stimulate cell division inthe 
transplanted egg. Instead of generating 
more specialised somatic cells-as you 
might expect DNA from an ‘adult’ cell to 
do -the transplanted DNA reboots to its 
original orders and starts to create an 
embryo. The resulting foetus, implanted 
into a surrogate mother, grows to 
become an exact genetic clone of the 
animal that donated the somatic cell. 

Somatic cell transfer is often used for 
reproductive cloning - making copies of 
organisms with highly desirable genetic 
traits. For example, the same researchers 
who cloned Dolly have also cloneda 
genetically modified sheep named Polly 
whose milk contains a protein that aids 
blood clotting in haemophiliacs. By 
producing thousands of clones of Polly, 





1. Sexual reproduction 


with unique DNA. 





2. Separation 
In the earliest days 
of cell division, 
researchers can 
physically divide the 
embryonic cell 
cluster into 
individual stem cells. 
Each cell carries the 
organisms full 
genetic record. 
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scientists can isolate more and more of 
the protein to manufacture blood- 
clotting drugs. 

Cattle, sheep, pigs and other animals 
have been bred by farmers for millennia 
to produce leaner, protein-rich meat and 
more flavourful milk. But conventional 
breeding still allows fora genetic roll of 
the dice, occasionally resulting in small, 
sickly offspring. Successful reproductive 
cloning, some say, would ensure a 
steady supply of only the fittest animals. 

In 2008, the US Food and Drug 
Administration approved the sale of 
foods containing milk and meat from 
cloned animals, although the 
prohibitive cost of cloning has kept 
cloned food off the shelves so far. The 
European Union has made no such 
approvals, although breeders 
throughout Europe arealreadyusing © 
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The original embryo carries exactly half 
of the mother’s chromosomes and half 
of the father’s, creating an organism 
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Father Mother 
Sperm collected Cowsare treated 
from bull with hormones to 

ensure egg 

production 






















3. Growing 
embryos 
The isolated stem 
cells are placed in 
culture where they 
are stimulated with 
chemicals to 
restart cell division. 
In a few days, a 
new cluster of 


embryonic stem 
celts has formed. 


Why clone? 


4. Transplantation 
Each cloned embryo is 
implanted into a 

surrogate mother, who 





The science 
Earlyembryo OF Cloning 





Cloning takes the risk out of 
reproduction. In nature, 
idetonbbeve)ccredue-leyupiarae)i 
sexual reproduction 

ra) OS}UN oxo 0) (0) (0)4 (rc BOD AY(o) SLAY 
and is the engine behind 
evolution. But for research 
mscientists, that diversity is 
not nearly as desirable as 


control. Ifyou’re 
developing a drug to treat 
pancreatic cancer, you 
want to test hundreds of 


different treatments on 
identical samples of 
paficreatic cells. You won't 
belo Maarcimbemer-lnencomeleimye)e 
could create thatina lab 
devaolerdemellovenuersn 
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» imported semen and embryos from 
cloned animals bred in the States. 

Scientists have also used reproductive 
cloning to bring endangered species back 
from the brink of extinction. In 2001, 
researchers used somatic cell nuclear 
transfer to clone an endangered guar ox, but 
the animal died soon after birth from an 
infection. Since then, another ox and three 
African wildcats have been successfully 
cloned to repopulate their species. 

The first cloned cat was born in 2001and a 
firm in South Korea produced the first cloned 
canine in 2005. Since then, passionate pet 
owners have paid as much as £600 a year to 
preserve their beloved cat or dog’s tissue for 
post-mortem cloning, a process that runs to 
nearly £100,000. 

Not all cloning experiments have been for 
the sake of reproduction, though. With 
therapeutic cloning, the goal of researchers 
is to isolate and replicate stem cells in order 
to study their potentially life-saving 
applications. Stem cells are undifferentiated 
cells that carry a full copy ofan organism’s 
DNA, but have yet to express any of their 
genes as skin cells, bone cells, sperm cells or 
any other adult cell. Researchers can 
program stem cells to grow specific organ 
tissue, like healthy brain cells to treat 
Alzheimer’s sufferers or replacement bone 
marrow cells for cancer patients. 

Therapeutic cloning also relies on the 
somatic cell nuclear transfer method. In 
2007, researchers harvested stem cells from 
cloned rhesus monkey embryos. It takes 
about five days for a cloned embryo to reach 
the blastocyst phase, when the total cell 
count has grown to around 100. At this size, 
stem cells can be extracted and placedina 
nutrient-rich culture medium where they 
grow into complete stem cell ‘lines’. 
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“South Korea produced the first 
Cloned canine In 2005" 


Dolly the 
sheep 


Aremarkable breakthrough that 
changed the world of cloning 


Dolly the sheep was the celebrity of the cloning world. Back in 
1996, after 276 failed attempts, researchers at the Roslin 
Institute in Scotland became the first scientists to successfully 
clone a mammal. The method was somatic cell nuclear 
transfer, in which the nucleus ofan egg cell is sucked out and 
replaced with the nucleus ofa normal body cell (or ‘somatic’ 
cell) from an adult sheep. Using electrical impulses, the egg is 
induced to divide, growing into an embryo that shares the 
identical genetic material as the somatic cell donor. This 
requires sensitive manipulations of cellular material at the 
microscopic level, explaining the low success rate. Dolly’s life in 
the spotlight was relatively short-lived and she died at age six. 
One drawback of somatic nuclear transfer is that the age of the 
donor cell seems to affect the longevity of the cloned organism. 





© Emma Whitelaw, University of Sydney, Australia 


1. In vitro fertilisation 


Egg cells are surgically removed 
from a female and mixed with 
sperm cells in a laboratory culture 
that's conducive to fertilisation. 


Dolly -the most 
famous sheep in 
the world 


2. Blastocyst 

Once the egg is fertilised, it 
becomes a zygote and begins to 
divide and multiply. Five days later, 
a cluster of 100 cells has formed, 
called a blastocyst. 





3. Locating stem cells 


The inner ring of the blastocyst is 
composed primarily of 
undifferentiated stem cells, the 
‘blank slates’ that will become 
organ cells, nerve cells, bone cells 
and reproductive cells. 


From stem cell 


to body part 


Embryonicstem cells are ‘pluripotent’, meaning they can grow 
to become any specialised cell in the body. Nature has its own 
complex mechanisms for differentiating stem cells into brain, 
muscle or bone, involving both genetic and environmental 
markers. In the lab, researchers can isolate embryonic stem 
cells in culture and provide the right chemical triggers to grow 
fresh skin cells and even organs. 


5. Differentiation 

Batches of stem cells are transferred to 
other culture dishes where they are 
stimulated with chemicals, and even 
segments of genes to grow into 
specialised cells. 





4. Harvesting stem cells 
Researchers remove the stem 
cells from the blastocyst and place 


them in a nutrient-filled culture 
medium to stimulate growth. 
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6. Organ formation 

In recent years, researchers have 
found success growing bladder and 
skin cells on prefab scaffolds that 
mould the cells into the shape of the 
desired body part. 








1, Star Wars: Attack 
_ Of The Clones 


The evil Count Dooku 
attempts to generate a 
massive army of clones based 
on the DNA of intergalactic 
bounty hunter Jango Fett. 


2. Jurassic Park 
Dinosaurs are replicated using 
DNA found in mosquitoes 
fossilised in amber. The odds 
of finding undamaged DNA in 
fossilised remains are 
extremely (extremely) low. 





3. The Sixth Day 


Arnold Schwarzenegger’s 
character is cloned by 
implanting a copy of his DNA 
into an adult-sized ‘blank’ 
human along witha 
‘recording’ of his brain. 





Cloned animals don't always look identical. The first cloned cat had a different coloured coat than its match 





1. The donor 5. Enucleation ae 4. Donor egg 

Researchers chose a six-year-old Finn Using a miniature drilling y : ~ Meanwhile, 
Dorset ewe as the donor animal, since pipette mounted ona oS tt researchers 

its pure white coat and white face specialised microscope, —_ a a batch of eggs from 

would be easily distinguishable from the scientists bored an adult Scottish 

other breeds. through the cell wall Blackface ewe, easily 

and sucked out the distinguishable by 

egg cell's her dark facial 

nucleus. markings. 

Da 9. Implantation 

The embryo was 

. then implanted into 

10. Birth of Dolly another Scottish 

Dolly entered the world on 5 July 1996, sharing a A 

the identical white coat and white face of the pariad inten ne 

mammary tissue donor and none of the markings surrogate mother. 


of either the egg donor or surrogate mother. 
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© ©© 2. Somatic cells 
“© © Researchers removed a ? 7 ; 
© @ small amount of somatic 7. Fertilisation 
cells from the mammary = ’ Using another jolt of electricity, 


tissue of the ewe. Yes, 
Dolly the sheep is named 
after Dolly Parton. 


researchers induced proteins in the 
cytoplasm of the egg cell to ‘reprogram’ 
the genes of the somatic cell to grow an 
embryo, not more mammary tissue. 






8. 
formation 
Placed in a nutrient-rich culture 
medium, the egg cell began to divide 
and grow until it formed a blastocyst. 


3. Low-nutrient culture 


To inhibit cell division, the donor cells 
were placed in a low-nutrient culture 
medium until nuclear transfer. 


Oa) 
stem cells 


Brain tissue 

Stem cells are the body's repair kit. 
Researchers believe that stem cells 
could help repair and regrow brain 
tissue damaged by Alzheimer’s and 
Parkinson’s disease. 


6. Electroporation 
The enucleated egg cells and somatic cells are 


placed in together and zapped with an electric 
field, causing cells to fuse and share a nucleus. 





Diabetes 

For sufferers of type-one diabetes, 
their immune system kills beta cells in 
the pancreas that produce insulin. 
Researchers hope to grow beta cells 
from stem cell cultures and implant 
them into diabetes patients. 


Cloning is far from an exact science. Dolly was the 277th 
cloned embryo and the first to survive. But even Dolly 
only lived to six years old, half the average life span of her 
species. Several genetic abnormalities have 

surfaced in cloned animals, including 

high birth weight, organ defects and —_ 
premature ageing. The culprit, 
many believe, is the age of the 
somatic donor cell. 
Chromosomes get shorter 

over time as they divide and 
multiply. Atsome point, the 
chromosome becomes too 


Bone marrow 
Currently, patients 
undergoing 
chemotherapy for 
leukaemia and 
lymphoma are 
injected with 
adult stem cells 
that help 
replenish 
depleted 

marrow 

supplies. 


Heart disease 

Researchers can extract adult stem 
cells from heart muscle tissue — or use 
similar cells taken from bone marrow - 
and inject them into damaged heart 
tissue to induce the formation of new 
capillaries and improve heart function. 


Skin grafts 

Today's artificial skin grafts can trick 
skin cells to regenerate, but the 
replacement skin can't sweat or grow 
hair. Researchers hope that by isolating 


skin stem cells, they can grow cultured 
tissue that preserves full skin function. 





short to divide and the cell 
dies. It appears that a somatic 
cell's chromosomal clock is 
not fully reset when it’s 
implanted into an egg, 
resulting in shorter life spans 
and sudden organ failure. 








Evaporation 
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How do these processes work, and 
is there a difference between them? 


The change of state 
from a solid ora liquid 
to avapour is knownas 

* ‘evaporation’. This 
change of state occurs from the 
amount of energy the molecules 
have. Apart from at absolute zero 

(-273.15 °C), when molecules are said 

to have zero energy, molecules are 

in constant motion and, as 
temperature increases, they gain 
more and more energy. This in turn 
increases their movement and, the 
faster they move, the more likely 
they are to collide with one 
another. When these collisions 
occur, a molecule can gain enough 
energy — and subsequently heat - to 








rise up into the atmosphere, 
because as we know hotair rises. 

However, there is a difference 
between evaporation of vapour 
and steam. While vapour can be 
said to be any substanceina 
gaseous State at the same 
temperature as its environment, 
steam is specifically vapour from 
water that is hotter than the 
surrounding environment, 
commonly seen when boiling. 
There is no difference in chemical 
composition of the two. The steam 
we actually observe is the vapour 
cooling and condensing as it leaves 
the hot water and enters the cooler 
surrounding air. 


The science of skateboarding 


There isadifferencebetween 
evaporation of vapour and steam 


EVOporationversus steam / Skateboard science 


Steam 

As the vapour cools and 
condenses, it produces 
visible steam. 


Boiling 
water 


Vapour pressure 

Evaporation occurs when the 

= Vapour pressure reaches that of 
. thesurrounding air. 


Boil 
When water boils at 
100°C (212°F), vapour 
pressure increases. 





Kick, twist and grab your way through the physics of half pipes 


Ina halfpipe a skateboarder 
will typically start at one end 
(deck), then roll down into the 


1. Potential 
At thedeck of the halfpipe, before the 
skateboarder jumps into the halfpipe, they 


5. All potential 

When in the air, all the energyis 
now potential energy again. Ifthe 
skateboarder makes the landing, 





” flat ofthe halfpipe. They carry 
enough speed and momentum to shoot up 
the other side, gaining ‘air’ to perform 
tricks before landing again in the bowl of 
the halfpipe. 


Askateboarder’s 
energy is constantly 
being transferred 
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have a certain amount of potential energy, 


: hecan use that energy to reach the 
the result of gravity pulling them down. 


other side again. 


4. Kinetic to potential 

As the rider travels up the opposite 
slope, kinetic energy turns back to 
potential as they moveagainst the 
force of gravity, slowing them down. 


2. Potential to kinetic 
Asaskateboarder travels 
down the slope of one side, 
the potential energy becomes 
kinetic energy, giving them 
forward momentum. 













ao 


; | - _ J 
3. All kinetic 

___ Atthe flat bottom of the halfpipe, all of the rider’s energy 
aq is kinetic energy, so they are at their maximum speed. 
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Sonic boom 

Contrary to popular belief, asonic boom is not created only at the exact 
moment when something such asa plane breaks the sound barrier. Any 
object moving faster than the speed of sound will constantly emit a sonic 
boom to observers at different places. 


The first person to break the sound barrier was American Chuck Yeager In 1974 





The science 
of breaking 
the sound 
barrier 


Shock waves are 
large amplitude 
pressure waves 
produced byan 
object moving faster than the 
speed ofsound like a boat or 
plane, or other things such as 
an explosion, lightning or 
even a moving piston. 

When a source moves 
faster than the waves it 
produces, no waves will form 
in front of the source but will 
pile up behind and become 
compressed. The waves 
protruding are confined toa 
cone that narrowsas the 
speed of the source increases 
and the waves bunch up, 
creating high-pressure 
regions outside the 
compressed waves. This 
border from inside to outside 
is the shock wave. The 
strength ofashock wave 
dissipates greatly with 
distance, much moreso than 
a regular wave, as heat and 
other energy are more 
quickly transferred into the 
surrounding environment. 
Once enough energy has 
dissipated, the shock wave 
will becomea regular wave 
such asa sound wave. 





In this image, the USS Iowa is 
firing shells from its cannon, 
which travel about twice the 
speed ofsound. While the shells 
themselves will likely produce 
their own shock waves as they 
travel through the air, itis the 
shock wave caused by the 
explosion ofthe cannons thatis 
visible on the water 


What Is 
a Shock # 
wave? # 








their projectiles they 
produce large 


explosions, which 
send spherical 
shockwaves 
travelling outwards. 


_ Expansion 
* The expanding gases, 
— caused bythe shock waves 
_ protruding from the 
explosions of the cannons 
as they fire, can beseen 
travelling across the water. 






“An atom represents the smallest part 
of an element that can exist by itself” 








Inside an atom 


Shell 
Each shell can hold a different 

number of electrons. The first can 
hold 2, then 8, 18, 32 and so on. 





Gjok-velemelresemivslsonelevalele)ectt 
these particles inside all 
matter in the universe 


At the centre of every atom isa 
nucleus containing protons and 
neutrons. Together, protons and 
neutrons are known as nucleons. 

Around this core of the atom, a certain 

number of electrons orbit in shells. The 

nucleus and electrons are referred to as 
subatomic particles. The electrons orbit 
around the centre of the atom, which is due 

to the charges present; protons have a 

positive charge, neutrons are neutral and 

electrons have a negative charge. Itis the 
electromagnetic force that keeps the 
electrons in orbit due to these charges, one of 
the four fundamental forces of nature. It acts 
between charged objects -such as insidea 
battery — by the interaction of photons, which 
are the basic units of light. 

PANekclcejsemice-loleleime) s(cmecssleemeye-Bet-beleyeseds 
in diameter. 43 million iron atoms lined up 
side by side would produce a line only one 
millimetre in length. However, most of an 
atom is empty space. The nucleus of the atom 
accounts for only a10,oooth of the overall size 
of the atom, despite containing almost all of 
the atom’s mass. Protons and neutrons have 
about 2,000 times more mass than an 
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electron, making the electrons orbit the 
nucleus at a large distance. 

Anatom represents the smallest part of an 
element that can exist by itself. Each 
element’s atoms have a different structure. 
The number of protons inside a specific 
element is unique. For example, carbon has 
six protons whereas gold has 79. However, 
some elements have more than one form. The 
other forms - known as isotopes - of an atom 
will have the same number of protons but a 
totally different number of neutrons. For 
example, hydrogen has three forms which all 
have one proton; tritium has two neutrons, 
deuterium has one neutron and hydrogen 
itself has none. 

PANSTobba(cvacyelmstcsyestoperchckenea(cacvelmelepselels es 
of protons and neutrons, they also have 
different masses, which determine the 
properties of an element. The larger the mass 
of an atom the smaller its size, as the 
electrons orbit more closely to the nucleus 
due toa stronger electromagnetic force. For 
example an atom of sulphur, which has 16 
protons and 16 neutrons, has the same mass 
as 32 hydrogen atoms, which each have one 
proton and no neutrons. @ 
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Inside 
the atom 


Dissecting what 
makes up an atom 





























Protons 
Astable elementary particle 
witha positive charge equal to the 
negative charge ofan electron.A 
proton can exist withouta 
neutron, but not vice versa. 


jump 


Anelectron releases or absorbs a 
certain amount of energy when it 
jumps from one shell to another, 

known asa quantum leap. 





Open the atom Collision Quark CERN Large Hadron Collider 


Parts of atoms are smashed Subatomic particles, such Protons and neutrons are The European Organization for The LHC is the world’s biggest 
together to break them up as nuclei and electrons, broken into quarks, which are Nuclear Research, or CERN is and most powerful particle 
into smaller particles, which are smashed together at one of the fundamental the world’s largest particle accelerator. It is a 17-mile ring 
allows scientists to discover almost the speed of light particles of nature. Quarks physics laboratory. It carries of superconducting magnets, 
what the particles are inside a giant collider to cannot be broken down into out many high-energy physics which are used to smash 
actually made of. break them apart. smaller pieces. experiments. particles together. 
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their devastating power. By 
harnessing the energy in the 
nucleus ofan atom, atomic bombs 
are one of the most powerful man- 
made weapons. In 1939, Albert 
Einstein and several other 
: scientists told the USA of a process 
of purifying uranium, which could 
ve create a giant explosion known as 
: , anatomic bomb. This used a 
> - — Mie method known as atomic fission 
to ‘split’ atoms and release a huge 
; amount of energy. 
The only two bombs to ever be 
\ 3 used in warfare were a uranium 
loleyenlenejeWebbaecjevnentce-)elee-| 
: : plutonium bomb on Nagasakiin 
. 1945 at the end of World War II. The 
‘hs ' ~ effects were frighteningly 
Analyging anatom smash t 4 ". powerful, and since then no 
Canprovide a whole range atomic bomb has ever been used 
of ySeful information 7 as a weapon. 


No, thisisn’tthe world’s 
longest water slide, it’sthe 
Large Hadron Collider 





Neutrons 
Anelementary particle witha 

neutral charge and thesame 

mass asa proton. The number 



















>» Moon - 0.3 units away 





If thesolar system were shrunk tothesize Sun @ Pluto = 5,000 units away . ° 
ofa gold atom, the distance from the Sun« : | 
tg Pluto would be half the distance from 
the nucleus of the goldatem foitsfurthest. . + — 
. @lectron. One unit here is defined aSthé - Gold 
*width ofa gold atom. ; atom & 
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Furtnest electron = 10,000 units away 
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Pie’s the limit 
Every year since 1992, the 
World Pie-Eating 
Championships have 
been held in Wigan. 
Today emphasis is on 
speed not quantity. 


Festival La Tomatina 


This event occurs in August, 
in Bunol, near Valencia, 
Spain. Having started as a 
riot in 1944, people now 
turn up, with tomatoes, and 
just starting throwing. 


Wood eating (xylophagia) 12 grapes on New Year 
This is a relatively common Started back in 1909, the 
condition where individuals tradition of eating a grape 
like to eat a variety of wood every second for the last 12 
products, such as paper, seconds of the New Year is 
pencils and even tree bark! supposed to bring good luck. 
Just imagine the splinters... It is practised across Spain. 


Insect eating 
(entomophagy) 


Many societies across the world 
still eat insects - they area 
fantastic source of protein. The 
western world has even started 
selling ants in chocolate now. 


Because men have a higher muscle-to-fat ratio, males have faster metabolisms than females 


Hunger is a sensation created by hormones across the body, causing 
you to respond and find food. The hypothalamus situated in the 
brain is the keen receptor for hunger signals and it will pick up on 
hormonal secretions, which indicate when the stomach is empty or 
full. Some cases of obesity are caused by problems with the 
hypothalamus development. 

So once you feel the hunger, how much food do you actually need? 
Your energy requirements depend on your activity levels, sex, size 
and stage of life. By not exceeding these calorie intake 
recommendations you should be able to maintain a healthy weight. 
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KCAL PER DAY 
Girl 15 years: 
Boy 15 years: 


Fat storage occurs when calorie intake exceeds 

calorie output. Although there are other factors “ 

that can make us gain weight — including 

hormones that can affect our metabolism 

(the rate at which we burn the calories we N 

take in) - usually it comes down to > «<= 

consuming more calories/energy than your 

body requires in order to function. So if you're “~~ 

doing less exercise than you might . 

normally, your calorie intake should be » 

reduced, and vice versa. All calories & 

surplus to requirements are then = 

| stored in fat cells mostly in our ) 

subcutaneous fat just under the > 

skin. Other fat gets stored / 

undesirably around the vital organs. 
Obesity is medically defined as 7 

having a body mass index (BMI) of ff 

over 30 (a healthy person should have 

a BMI of 18.5-24.9) and this condition 

can increase the likelihood of such 

life-threatening illnesses as heart 

disease, cancer and osteoarthritis. 

It is also likely to prompt the 

development of type 2 diabetes. A 

reported one in four people in the 

UK are technically obese. 





“It just makes you have the best fats, 
corbohydrates ond proteins to offer a 
balanced diet with no CravingS © «cic: 





good foods and even a spot of housework. We also 
know that we should not consume more calories than we 
require for our bodies to function. And yet in their droves 
people keen to lose weight quickly turn to so-called crash 
diets. These eating plans tend to promise quick and easy 
weight loss, either by eliminating a certain food group 
(such as carbohydrates) or by highlighting specific foods 
(such as cabbage soup). 

While some do indeed have their good points suchas 
encouraging you to eliminate excess sugar and saturated 
fats from your diet, many suggest cutting out healthy 
nutrients such as complex carbohydrates (oats, brown 
rice) and essential fatty acids. And as we all know, a 
balanced diet is key to ensuring the body functions. 

So what’s wrong with dieting? Well, not only doesa 
crash diet fail to address the ultimate problem - the fact 
that weight was gained in the first place - but also, by 
definition, they are quick-fix remedies that do little to 


Your diet must contain 
the vital nutrients for 
your organs to function. 
Find out how the body 
processes food 


4. Small intestine 

The very long and very coiled small 
intestine takes up most of the space in 
your abdomen where digestion is 
completed. The small intestine’s many 
folds offer a massive surface area, ideal 
for absorbing nutrients into the 
bloodstream. 


6. Liver 
Nutrients arestored 
in the liver, which 
also regulates the 
level of nutrients in 
the blood to ensure 
cells get all the 
goodness they 
require. This large 
organ carries out 
many metabolic 
functions, which 
ensure the blood’s 
composition is 
regulated. 















The truth Behind diets 


promote long-term healthy eating and a sustainable diet. 
Initially you may lose some weight, but this is oftenin the 
form of fluid, not fat. This is because low-calorie diets 
make the body burn excess glycogen - the glucose that 
absorbs excess body fluids. This ‘water weight’ will be put 
straight back on again as soon as the diet is over. 

Once they've lost a bit of weight, some dieters reach a 
plateau - when the weight loss stops — and often they'll 
actually regain weight. The metabolism - or the rate at 
which the body burns calories — is linked to what’s known 
as the yo-yo effect. The body realises it’s receiving fewer 
calories than usual, and automatically adjusts the 
metabolic rate to burn fewer calories in order for the body 
to function. A slower metabolism means you'll burn 
calories slower and gain weight easier. So next time you're 
thinking of going on a crash diet to lose some weight, you 
might want to think twice as you may actually end up 
packing the pounds on even quicker. 
























1. Mouth 
Assoon as you start to chew 
your food, the process of 
turning food into energy 
begins asa trio of salivary 


starch and also make it 
easier to swallow. 


2. Oesophagus 

Once you've finished chewing, 
the food passes down the 
oesophagus to thestomach, this 
trip takes a mere ten seconds. 


3. Stomach 

Once in the stomach the 
food is broken down further 
bystomach acids and 
enzymes, which physically 
and chemically break food 
down further so thatit can 
pass to the small intestine. 


7. Large 
intestine 
Anything the 
body cannot 
digest is removed 
via the colon, 
whichis twice the 
width of the small 
intestine, but only 
a quarter of the 
length. Waste 
material passes to 
the rectum and 
out of the bodyin 
the form of faeces. 




















How villi absorb 
nutrients in the 
small intestine 


Humans need energy to function, yet the 
food we consume is not readily accessible 
for use by cells. We must first process 

our food, and break it down into much 
smaller molecules before it can be 
properly absorbed and utilised. The 
process where food is broken into smaller 
pieces until the molecules and nutrients 
we need can pass through the intestinal 
walls is called digestion. Absorption occurs 

within the small intestine, which has a huge q 
surface area due to the presence of villi. 
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Canned or frozen veg can be just as vitamin rich as fresh as they re packaged within hours of being picked 
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1. Lacteal 


Situated in the centre of each 
villi, there is astructure 
called the lymphatic 
capillary which absorbs fats. 


2. Blood capillaries 
These sit underneath the 
microvilli cells which line 
the villi’s external surface. 
They quickly absorb 
nutrients and transfer them 
into the bloodstream 
immediately. 


3. Blood vessels 
These blood vessels lie 
beneath the villi, and allow 
for the capillaries that are 
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situated within the villito 
transport nutrients around 
the body with speed. 


4. Epithelium 

This one cell layer covers the 
whole external surface villi 
and allows for quick 
absorption of nutrients into 
the blood stream. 


5. Nutrients 

These are molecules which 
are absorbed from the 
stomach after being broken 
down. They travel through 
the epithelium and then 
enter the bloodstream via 
the capillaries. 
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Enzymes are crucial in our processing of food. Many 
enzymes are present in saliva and they start the 
breakdown process of nutrients such as sugars and 
starches (carbohydrates) before food reaches the stomach. 
However, most of the breakdown occurs in the stomach, 
and three enzymes secreted by the pancreas and 
intestinal wall are crucial in this process; amylase, 
protease and lipase. Amylase is primarily used to break 
down starches and sugars, and will bind to them to do so. 
Protease works with proteins, breaking the large protein 
molecules down into amino acids. Lipase breaks down fat 
insmaller molecules so it can pass through into the 
lymphatic vessels and be transported to fat storage sites 
around the body via the blood. 
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Types of diets 


Do they work, or are they just dangerous? 


The type of diet an individual goes on depends on the aim of the diet and how quickly they want results. It 
may also depend on what is popular at the time. Recent ‘food fad’ the Atkins diet was all the rage in the 
early-2000s, mainly due to celebrity endorsement. However, such extreme crash diets do not work because 
they ignore the real issue, which is the reason for the weight gain in the first place. Another reason why 
they fail to produce results long-term is that they are either too difficult to maintain or simply too 


dangerous to keep up for extended periods. 


CABBAGE SOUP DIET 


People looking to shift up to 10lbs in a week often 
turn to this diet. This regime involves eating just 
one food —- cabbage soup - for seven days. 


What you can eat: As much cabbage soup 
as desired. 


What you can’t eat: Everything else. 

What are the benefits? A quick fix. 

What are the risks? There is no balance to this 
diet - no protein, no carbohydrate. Despite being 
able to eat unlimited amounts of cabbage soup, the 
dieter will feel very hungry and, if continued for 
more than a week or so, the body will start lacking 
essential vitamins and minerals that are needed 
for operation. 

How does it work? This diet is low in fat and 
calories, and because of this the weight does fall 
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off. However, this weight is lost mainly in the form 
of water and will be regained as soon as the dieter 
resumes their normal eating habits. 

Does it work? 

In the short term this will work, but it doesn’t 
promote a healthy attitude towards dieting. 


LOW CALORIE 


Calorie counting (or point counting) can be very 
successful. However, individuals must havea 
reasonable idea of their previous intake and 
actual daily calorie demands from their body to 
make this work. 


What you can eat: Fruit, vegetables, fish, 
chicken, rice. 


What you can’t eat: Cakes, sweets, chocolate, 
fats, alcohol. 


What are the benefits? An effective way to 
analyse energy intake and restructure diet. A good 
way to slowly lose weight. 

What are the risks? Significant cuts in calories 
can result in lethargy, hunger and tiredness and 
ifthe calories are not cut from the right food 
groups, fat intake may still be too high and weight 
will not be lost. Diet must also be balanced to 
ensure individuals get all necessary vitamins 

and minerals. 

How does it work? Exceeding the recommended 
daily calorie intake causes the body to store the 
excess as fat, so adhering to this daily allowance 
means weight should not be gained through 
calorie intake. 


"A diet low in fat but high in fibre 
will gid Weight IOSS" tow éat diet 


Does it work? 

Although calorie counting can work, individuals 
must still be aware of their fat intake as well as 
ensuring they stay active. 


LOW CARB 


This diet’s been engineered to work by removing 
the more complex starches and sugars from your 
diet. You are encouraged to eat more fats on this 
diet (but only ‘good’ fats), but you are more likely to 
feel hungry as you do not have the steady-releasing 
carbohydrates in your diet. 





What you can eat: Red meat, eggs, olive oil, 
cheese, poultry. 


What you can’t eat: Fruit, pasta, rice, bread, 
soft drinks. 


What are the benefits? You're allowed to eat 
meats, cheese, fats - everything that is normally 
rationed ina diet! 

What are the risks? Main risks are increased 
blood pressure, and lack ofvitamins due toa 
reduced intake of vegetables and fruit. 

How does it work? Removing the complex 
starches and sugars from your diet means that food 
taken into the body is immediately broken down 
and used. 

Does it work? 

Well, yes. However, there are several risks 
associated and due to the strict nature of what you 
are allowed, itis not healthy to follow long term. 


VEGETARIAN/VEGAN 





There are many health benefits to cutting all meat 
(and all animal products if vegan) out of your diet. 
However, vegetarians should endeavour to ensure 
that they obtain the nutrients found in meat and 
fish by eating protein-rich foods such as soy beans. 


What you can eat: Bread, rice, pasta, vegetables, 
fruit, tofu. 


What you can’t eat: Beef, chicken, pork, game 
(vegan -no dairy). 

What are the benefits? Increased vitamin 
intake, lower fat content. 

What are the risks? Major risk is that individual 
will not eat enough protein — diet must be carefully 
planned to ensure it is balanced. 


“Turning vegetarian 
may help you lose 
weight and be much 
hea thie [ " Vegetarian diet 


How does it work? Eliminating meat (and all 
animal products if vegan) reduces the intake of fat, 
resulting in an overall calorie reduction. 

Does it work? 

Individuals are far more likely to eat lower fat diets, 
with higher levels of vegetables and carbs. They are 
likely to get higher doses of vitamins and more 
fibre than a meat eater. Overall, turning vegetarian 
may help you lose weight and be much healthier. 





Cut it out 


Fat is the most caloric of all foods, and close behind is alcohol, so one of the simplest ways 
to lose weight is to reduce the amount of fat and alcohol in your diet. We do still need some 
fat in our diet for cell health and hormone production, for example. It’s tough to lead a fat- 


DID YOU 


KNOW? 





Milkis on the menu if 
you re following the GI diet 





This diet doesn’t cut out any one food group - it 
makes you have the best fats, proteins and carbs to 
offer a balanced diet with no cravings. 


What you can eat: All-Bran, wholegrain bread, 
peanuts, carrots, milk. 


What you can’t eat: Doughnuts, white bread, 
potatoes, dates, syrup. 


What are the benefits? Great for lowering sugar 
— recommended for diabetics. It is the diet you are 
supposedly least likely to feel hungry on! Will 
improve and steady your energy levels. 

What are the risks? No real risks, but Gl is hard to 
track so the individual must know all contents ofa 
meal before being able to work out GI. 

How does it work? The aim ofthe dietis to 
stabilise calorie intake while also encouraging 
healthier eating. It works by encouraging the 
participant to eat ‘good’ foods which have a more 
consistent, steady release of energy throughout 
the day and to avoid high sugar foods. 

Does it work? 

It is recommended for individuals who need to lose 
weight over a long term basis, and for individuals 
looking to maintain their weight. 


This diet is supposed to cut out all ‘bad’ foods and 
‘cleanse’ the body of unwanted chemicals or 
toxins that accumulate in our systems through 
food additives, caffeine, poor diet and so on. The 
supposed side effects of such toxins are weight 
gain, cellulite, headaches, bad skin, bloating, and 
generally feeling unwell. 


What you can eat: Usually water, fresh 
vegetables and fruit. 


What you can’t eat: Alcohol, chocolates, 
preserved foods, fried/greasy foods. 


What are the benefits? The individual who 
partakes ina diet suchas this is likely to feel 
refreshed and ‘cleansed’ at the end of the diet. 
Weight may be lost. 

What are the risks? Main risk is lack of balance to 
the diet, and the extreme nature can mean the 


free existence as even fruit and vegetables contain small amounts of fat. 





‘A dramatic and 
extreme diet which 
can have negative 
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body is shocked and goes into starvation mode. 
Therefore, if weight loss is the aim, this may not 
occur. Also, for the first few days/week, outbreaks 
of spots and lethargy have been reported. 

How does it work? Due to the associated low 
calorie intake of a detox diet, weight loss is indeed 
a likely outcome of such a diet. 

Does it work? 

Yes and no. The weight loss will vary depending on 
how strict the detox is, but it is often a dramatic 
and extreme diet which can have negative results. 


LOW FAT 


The low-fat diet is well known for promoting a 
healthy heart and reducing the amount of fat - 
especially saturated fats and cholesterol -in the 
diet instantly lowers your calorie intake. 





What you can eat: Fruit, vegetables, oily fish 
(oily fish is high in fat, but guidelines recommend 
eating one portion per week to prevent blood 
from being sticky, thereby reducing the risk of 
heart attack). 

What you can’t eat: Processed or takeaway 
foods, fatty meats, full-fat dairy products, diet food 
(although diet snacks may claim to be low-fat, 
many are in fact very high in sugar). 

What are the benefits? Reducing saturated fats 
can lower the cholesterol linked to heart diseases. 
What are the risks? A healthy diet requires some 
fat to insulate the body’s major organs. Also, some 
essential vitamins are soluble in fat so cutting out 
fat completely isn’t ideal. 

How does it work? 

Because fat contains more calories than almost 
any type of other food, it seems only sensible to 
watch the amount of fat in the diet and ensure the 
daily calorie intake doesn’t exceed the 
recommended allowance. 

Does it work? 

Experts confirm that a diet lowin fat but highin 
fibre will aid weight loss and help it stay off. 


One portion of oily fish a week 
is recommended 
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LOW FAT DIET 








Eggs area great source of 
protein, but don’t have them fried! 


MEAL REPLACEMENT 


Meal replacement plans claim to offer a way of 
controlling calorie intake by removing the need to 
count the calories of two of your three daily meals 
— usually breakfast and lunch are supplemented 
with shakes, bars, and soups. 


What you can eat: “Ashake for breakfast, ashake 
for lunch, and then a proper dinner,” two to three 
100-calorie snacks per day (most plans also 
recommend drinking plenty of water or low- 
calorie drinks), a600-calorie healthy meal. 

What you can’t eat: High-calorie snacks, 
processed foods, sweets. 

What are the benefits? By law the meal 
supplement must contain the recommended daily 
nutrients for a healthy diet (including calories, 
proteins, vitamins and minerals). A convenient 
way to live bya calorie-controlled diet without the 
need to get your calculator out. 

What are the risks? This type of diet does little to 
instill the values of healthy eating and without the 
plan, there’s a chance the individual will be 
unable to maintain a balanced diet. 

How does it work? Much like the low-calorie 
diet, the meal replacement plan is aimed at 
carefully controlling calorie intake so the dieter 
takes in fewer calories than the body needs and so 
draws on their fat stores for the extra energy 
required for the body to function properly. 
Sticking to a reduced-calorie diet should shift the 
weight. However, it depends on the number of 
calories consumed and the physical activity taken 
up. Generally, an intake of 1,200 to 1,400 calories 
per day results ina loss of 1-2lb per week. 


“This diet does very 
little to instill the 
values of healthy 
e CJ tl i aq : Meal replacement diet 
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Planet killers 
Could a massive 
asteroid some day 
wipe out Earth? 
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Light echoes 

Is it ever possible for 
something to travel faster 
than the speed of light? 





Black sky 

If outer space is filled with 
stars and light-emitting 
bodies, why is the night 
sky black? 
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Cat’s-Eye nebula 
What has created this 
very distinctive and 
beautiful nebula? 
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Enceladus 
Discover what goes 
on inside Saturn’s 
active icy moon 





Geomagnetic reversal 
Why do Earth's magnetic 
poles swap places every 
200,000 years? 
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Sunspots 
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Red dwarfs 
Find out why these are the 
most common stars ofall 


Hale bop 
The famous comet 
explained 


Sunspots 
Whatis this geomagnetic 
solar activity? 


Rocket science 

The technologies and 
scientific principles that 
enable rockets to launch 
off the planet 













Rocket science 


‘> Life on board the iconic space 
station explained 


1 6 O Oort cloud 


Why is this cloud of 
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comets so significant? 





Vomit comets 

The amazing aircraft that 
re-create zero gravity in order 
to train astronauts 


Neutron stars 

Discover what goes on inside 
the most massive objects in the 
known universe 
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Exploration 
Solar System 
The Universe 





Mars 

Find out everything 
you need to know 
about the Red Planet 
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is over, find out how this 
historic space vehicle worked 
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worlds collide? 
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wm Stellar 
( “= quakes 
Yee ~=«©Whatare the effects 
of this seismic activity 
from a neutron star? 
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What's inside 
a comet tail? 
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1"7© Jupiter 


radio telescopes in the world 
offer Earth the greatest view 


of the universe ever? giant explored 
Comettails © &) 4 Milky way 
Find out how the , Take a trip through 
i different types _ ). - SS the galaxy and find 
of comet tail are out just how huge it 
formed really is 
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Remnants of failed planets, asteroids are dry, dusty and 
atmosphereless rocks drifting through space 
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Asteroids are the most numerous bodies in our solar system, with historically were written offas simple floating rocks. However, asteroids are 
hundreds of thousands of them orbiting aroundtheSuninbothbelts | uniqueinthe fact that they tell us much about the conditions of the universe 
and as individuals. They far outnumber our well-documented post-big bang, how astrophysics effect space phenomena and how planets are 
* planets (and dwarf planets, to that matter) and are being studied by formed, granting the scientific community great insight into our solar system’s 
space agencies world wide, each of which are trying to shed some light on what origins and workings. 
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1. Asteroid 


The city of Dallas, Texas, is going to be 


2. Armageddon 


Anotner asteroid is on course to destroy the 


3. Deep Impact 


Yet another asteroid is on a collision course 


destroyed by an asteroid. The American world. The Arnerican government hatchesa | with the Earth. The American government 
government fires huge lasers to destroy i plan to olartt a bord in fs core to spit fin ?*, detonates nuclear bombs to destroy it but 
but only succeed in breaking it into small two So it will mss Earth. However, an carter only succeed in splitting it in two pieces, one 





pieces that still go on to destroy the city. meteorite destroys Shanghai, China. of which destroys quarter of the planet. 


Near-hits and 
approaching terrors 


Earth has and will be passed by many 
potentially hazardous asteroids ) 


Comet 
Hyakutake 
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NASA boundary for potentially hazardous 
asteroid designation 
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Structures 


There are three types of asteroid: carbonaceous (C-type), siliceous 
(S-type) and metallic (M-type) variants, each corresponding to the 
composition of an asteroid, be that stony, stony-iron oriron. The : 
composition ofan asteroid — be that shape or material — is Altitude of moon 
dependent on when and whatit was formed from, as well as if it 
has undergone reconstruction post-collision. 

Initially, atthe dawn of the solar system, most asteroids were 
much larger than those now commonly found by astronomers, 
with sizes more consistent with a planet such as Mars and shapes 300,000 
varying wildly. However, the radioactive decay of elements within 
the asteroid rock melted these larger bodies, and during their fluid 
Stage, gravity pulled them into spherical shapes before they 
cooled. At this point, though, many smaller asteroids — which 
cooled more efficiently than their larger brethren - did not reach wa 
melting point and retained their uniform rocky-metallic oo 
composition and their initial irregular shape. 

This process of asteroid formation can be seen vividly when 
contrasting many of the asteroids that modern scientists and 
astronomers are currently studying. Take the asteroid Ceres (Ceres 
was the first asteroid to be discovered and is now considered by 
some astronomers as a dwarf planet) for example -thisisa large 
asteroid (it has an equatorial radius of 487km) and, in turn, is both 





Lunar distances (1 x lunar distance 


100,000 





E spherical in structure and carbonaceous composition (C-class), as 
s it was pulled apart easily and cooled slowly. However, ifyou 
5 compare Ceres to Ida, for example, which is asmall asteroid (it has 
E a mean radius of 15.7km), you find the latter is both irregular in 
3 shape (funnily, it looks like a potato) and heavily composed ofiron £ Mesosphere 
- and magnesium-silicates (S-class). = 
-* r Stratosphere 
Orbits | ween 
=< 
The majority of asteroids in our solar system are found in a concentration known 6 


as the main belt, which lies between Mars and Jupiter. This belt contains 
thousands of asteroids and takes roughly four and a half years to orbit the Sun 
on aslightly elliptical course and low inclination. Despite the fact that they all 
orbit in the same direction, collisions do occur at low velocities (for such 

large objects) and these cause the asteroids to be continuously broken 

up into smaller variants. Of this main belt, certain groups have “a 
been captured into peculiar orbits, such as the Trojan group of 

asteroids that follow Jupiter's orbit, or the Amor or Apollo 


groups, which cross the paths of Earth and Mars | / 
respectively and the Aten group, which sits inside 4 vA 

; - “%& 
Earth’s own orbit. r ‘(7 








“The composition of an asteroid 
Is dependent on when and what 
it was formed from 
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solarsystem are positioned 
between the orbits of Mars 
and Jupiter, clustered in 
100Ts ESS) AY oml OL a) LESH w LO)TIVoN1(5) 


a some come close to Earth 
; ovammarsvpapbalebavaconersimevae)ins 
, and these are referred to as 
age walt 
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Bra ty mp oe |’ near-Earth asteroids. We : 

> a a take a look at some of the 
slope, reda highslope . 

most notable’... 








Ceres as imaged by 
Hubble Space Te 
< é' *% 


ee 
. 


Ceres 


Dimension: 590 miles Aphelion: 446,669,320km (2.9858 
AU) Perihelion: 380,995,855km (2.5468 AU) Orbital 
period: 1,680.5 days Escape velocity: 0.5lkm/s 


Temperature: ~167K Spectral type: C 


Technically classed as a dwarf planet, Ceres— named after 

the Roman goddess of growing plants and the harvest -is 

by far the most massive body in the asteroid belt. Indeed, it 

isso bigcomparedtoitsneighbouringasteroidsthatit  [RRMdsl-Ple-vabl-feydejq--) eesytguele) (oy-ntanaal=y- toi (29 06) (00 of tsxcccro) oh a ots 0 a A 0 Cecctoes Ms tet aerergeerees ee eererererrenes . 
contains 32 per cent of the belt’s total mass. 


How to deflect an impact... 





1. Nuclear \ 2. Multiple 3. Kinetic 

r=)°4 8) (os-1(0) Bh = explosions impactor 

This method involves |BYeifeyateiaberepenletiate)( Similar to the last 

jibabeteesBelvca(=cbmeleanle) nuclear bombs close fo) o) alee pm eenicpentsigelele| 

into the asteroid. cob testerc(@myvelelcome)btial would involve firing a 

? Problems may occur the asteroid to one solid projectile into an 

if the explosion just side and onto asteroid in order to 
pert splits the asteroid into another, non-Earth EViccmlecparleanelavnen 

smaller pieces. destroying trajectory. and change its course. 
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5 TOP 
FACTS 


ASTEROIDS 


MMM 







Naked 


The only asteroid in the main 


belt visible to the naked eye is 


Vesta, which has a mean 
diameter of 530km and 
contains nine per cent of the 
entire asteroid belt’s mass. 


K Degrees Kelvin 
Gm _ Gigametre 
' AU Astronomical unit 
Trojans Km__ Kilometres 
Orbital period Mi Miles 
11.87 years Km/s Kilometres per second 
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The asteroid 
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4. Solar sail 
WMartpertaseleoanuelence 
hehe) Aone aes (een berees| 
5,000km-wide sail to 
anasteroid. The 
constant pressure of 
Sibbeletdelmeyyo gO tetera 
area would slowly 
alter its course. 


Coma 


The way comets and asteroids 
are distinguished relies on 
visual appearance, with 
comets displaying a 
perceptible coma behind them 
while asteroids have none. 


TR RRR REE PRED PES 








Naming Photo 


An asteroid can only be 

named under the 
consultation of the International 
Astronomical Union, who will 
approve or disapprove the 
proposition. 


Hidalgo 


Dimension: 38km Aphelion: 1427.003Gm (9.539 AU) 
Perihelion: 291.846Gm (1.951 AU) Orbital period: 5,029.467 
days Escape velocity: 0.011km/s 

Temperature: ~116K Spectral type: D 


Hidalgo has the longest orbital period of any asteroid 
outside the traditional asteroid belt, witha full orbit taking 
over 13 years. Hidalgo grazes Saturn’s orbit at its aphelion 
and its severe orbital inclination (43°) is thought to be the 
result ofa close encounter with Jupiter. 


Dimension: 1.7km Aphelion: 343.216Gm (2 
Perihelion: 96.850Gm (0.647 AU) Orbital period: 651.543 


ata fn ' 
294 AU) 


days Escape velocity: 0.0009km/s 
Temperature: ~222K Spectral type: Q 


The first true asteroids to 
be photographed close up 
were Gaspra in 1991 and Ida 
in 1993. They were imaged 
by the Galileo space probe 
en route to Jupiter. 


Apollo is a Q-type (metal-rich) asteroid discovered in 1932 
that was then lost until 1973. Named after the god of light 
and Sunin Greek mythology, Apollo shares its name with 
the Apollo sub-class of near-Earth asteroids. Apollo was the 
first asteroid recognised to cross Earth’s orbit. 


Adonis 


Dimension: 0.5-1.2km 

Aphelion: 494.673Gm (3.307 AU) 
Perihelion: 65.906Gm (0.441 AU) 
Orbital period: 936.742 days 
Escape velocity: 
0.0003-0.0006km/s 
Temperature: 197-207K 
Spectral type: C 


Adonis was the second 
asteroid to be discoveredin the 
Apollo sub-class of asteroids, 
found in 1936. It is named after 
the Adonis of Greek mythology, 
it closely passes Venus on its 
orbit. Adonis will make close 
approaches to Earth six times 
during the 21st Century. 
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the course. 


5. Mass driver 

A huge space drill 
would be fired into 
the asteroid, and drill 
fe) bimdelepialetsteers 
before firing them 
into space, altering its 
mass and changing 







Aclose-up view 
of Eros 








New 


The latest asteroid to be 
landed on is Itokawa, an 
S-type asteroid that crosses 
the path of Mars. The 
Hayabusa probe returned to 
Earth with a surface sample. 


Filling 
Franz Xaver von Zach 
(1754-1832), astronomer 
and leader of the Seeberg 
Observatory, Germany, 
believed that there was a 
missing planet orbiting 
the Sun between Mars 
and Jupiter. To prove his 
theory von Zach 
organised a group of 24 
astronomers and gave 
them eacha part ofthe 
celestial zodiac to search 
inanattemptto track 
down his errant planet. 
Unfortunately, despite 
sucha large team, von 
Zach was beaten to the 
discovery by the Italian 
Catholic priest and 
mathematician 
Giuseppe Piazzi, who 


accidentally discovered 
the asteroid Ceres in 1801. 


Franz Xaver Von Zach 


a 


i, 


Giuseppe Piazzi 


By coating parts ofthe 
asteroid in paint, the 
Evaselevelice) age eeetsl 
eclobtclaleansenblacsed ey 
the asteroid’s Sun- 
facing side could be 
increased, altering 

its path. 
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‘A meteor Is the visible streak of — 
light that occurs when a meteoroid 
enters the Earth's atmosphere" 


Asteroids explained 


~~ 





The Tyche<traggg 


ayeWeat-bealefeye 


Evidence of collisions 
can be found everywhere 


When asteroids collide with each other there are three main outcomes, 

each of which depends on the size of the impacting asteroid. Ifthe 

incoming asteroid is 1/50,oooth the size of the larger body then it will 

merely create a large crater, sending small fragments out into space. If 

the impactor is roughly 1/50,oo0oth the size of the impacted, then the 

latter will fracture before breaking into rock and dust, before being 

pulled back together into a ball of rubble by gravity. Finally, ifthe : ; 
incoming asteroid is larger than 1/50,oooth the size of the other, larger "2 - sf The Spider crater in 
asteroid, then it will immediately shatter into pieces and form a mini of i ; al Kimberley, Western Australia 
belt of smaller asteroids. et ~ _* 

Very rarely, asteroids collide with the Earth, the most notable of 4, | ‘ <N Asmall meteor crater ~ 
which in the past 100 million years was the instigator of the Cretaceous- | iS. eee »@ inArizona, USA 
Tertiary extinction event that wiped out the majority of the dinosaurs ‘ ~at 
65.5 million years ago. However, there is evidence across the world of 
many other lesser-sized asteroids impacting the Earth, with their 
craters remaining a testament to their size. Importantly, their size is not 
directly represented by the size of the crater, which is roughly ten times 
the size of the impacting body. These impacts are postulated to have 







The 18km in diameter 
El’gygytgyn crater in Russia 









occurred infrequently over the Earth's 4 billion year life span. 


146 


Phew! Close one... 

In 2009, a 22ft asteroid passed Earthata 
distance of 8,700 miles —- the equivalent ofa 
bullet missing a human bya few millimetres. 


2009 VA 
trajectory 

Asteroid 2009 VA was only discovered 
15 hours before its close approach. 


Asteroids vs 
meteoroids 
vs comets 


Despite common misconceptions, these space 
phenomena are different from each other. An 
asteroid is asmall solar system body in orbit 
around the Sun, which are sometimes 
referred to or classed as minor planets. A 
meteoroid, however, is a sand-to-boulder- 
sized particle of debris drifting through space 
in orbit around the Sun or other bodies. They 
are smaller than asteroids and tend to travel 
at higher speeds; their composition ranging 
from iron to ice. Crucially, though, meteoroids 
differ from meteors and meteorites, although 
they are all part of the same body. A meteoris 
the visible streak of light that occurs whena 
meteoroid enters the Earth’s atmosphere, 
while a meteorite is the remaining part of the 
meteoroid that impacts Earth. 

Finally, comets are ice-based small solar 
system bodies that when close to the Sun 
display a visible coma (a nebulous temporary 
atmosphere) and tail of ice, dust and rock 
particles. Comets, unlike asteroids, generally 
originate in the outer solar system. 





Asteroids, especially 
those inthe main belt, 


are prone to collisions 





6x © NASA 









PL engineers work on the 
Dawn space probe pre-launch 





The Near Earth Asteroid Tracking (NEAT) program run at 
NASA’s Jet Propulsion Laboratory has one sole purpose, to find, 
explore and track near-Earth asteroids 


The Near Earth Asteroid Tracking 
program based at NASA's Jet 
Propulsion Laboratory has 
discovered thousands of asteroids 
during its life span, both from its 
range of ground-based telescopes - 
a good example is the GEODSS 
(Ground-based Electro-Optical 
Deep Space Surveillance) telescope 
located on Haleakala, Maui, Hawaii 
—to its deep space probes, scanning 
space for new asteroids and other 
space phenomenon. Its greatest 
achievement, however, has been its 
successful insertion of the NEAR 
(Near Earth Asteroid Rendezvous) 
Shoemaker space probe into orbit 
around the asteroid Eros in 2001, as 
well as landing upon its surface. 
This made it the first ever spacecraft 
to complete a soft-land (a landing 
where the probe is functional 
afterwards) on any asteroid. 


The mission to Eros was 
primarily to return data onits 
composition, mineralogy, 
morphology, internal mass 
distribution and magnetic field. 
However, considering its success 
and time spent orbiting the 
asteroid, it was possible to also 
study its regolith properties (the 
loose material scattered over its 
surface), interactions with solar 
winds and spin rate. This 
information was garnered with the 
spacecraft’s equipped x-ray/gamma 
ray spectrometer (used to measure 
the intensity of gamma radiation), 
near-infrared imaging spectrograph 
(used to measure and image the 
light properties of the near-infrared 
end of the electromagnetic 
spectrum), multi-spectral camera 
fitted with CCD imaging detector, 
laser rangefinder and 


magnetometer (measures the 
strength and/or direction ofa 
magnetic field). Indeed, thanks to 
this wealth of information, we now 
have more first-hand data on Eros 
than any other asteroid. 


NASA’s Jet Propulsion 
Laboratory in California 





“Olbers’ Paradox suggested 
that the night sky should be 
uniformly Bright, not dark” 











































The expansion of gas around 
the V838 monocerotis star, 
pictured centre, is one ofthe 
most famous light echoes 


Light ech 
Is it igi for something to move 
faster than the speed of light? 


A light echo is the reflection of light froma source, normallya 
@. stellar explosion, reflecting off another object, for example a 
™ enough energy in its brief flash to illuminate the other object, 


nearby planet or a dust cloud. The source of light must contain 
and in doing so it will appear that the initial source has moved. # 


6. Ocean 


In reality, itis the 
propagation of the echo 
(the clouds are stationary) 
that creates the effect, like 
an ocean wave that moves 
different parts of the water 
up and down but doesn't 
move the water forwards or 
back as it moves. 


5. Superiuminal 

As the echo moves through 
the clouds, it appears to travel 
faster than thespeed of light 
jsuperluminal). 


4. Orderly 


As the flash expands, 
different parts of 
different clouds are 
heated, sending light to 
Earth at varying times, 


1. Neutron star 
AWatcblaceeecitctasanles 
EBiteeneauryle) (= 
electromagnetic 
radiation that 
travels outwards at 
the speed of light. 


2. Dust clouds 
Nearby dust clouds 
are heated and 
Wibbesbbetsicnemeyadel= 
WETS amaeeiaelers 
infrared light 


Light travels 
towards Earth 


3. Echo 

The ‘echo’ of light on the 
dust clouds travels towards 
He Vademeltiattelensavnerslitad 


dalsboeliatcleitcien Light travels towards Earth 


Earth — on 
oY es 


< 
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Why ts the 
night sky black? 


To find out, we need to 
understand Olbers’ Paradox 


In the early-2oth Century, 
astronomers hada problem. It was 
largely believed that, in both space 
and time, the universe was infinite 
and non-moving. Under Newton’s law of 
gravitation, this was the only way the universe 
could be seen to be stable. However, a German 
astronomer called Heinrich Wilhelm Olbers 
had come up with a problem in 1823 that 
seemed unsolvable. Ifstars and galaxies were 
randomly spread throughout an infinite, static 
universe that had been around forever, then at 
every point in the night sky we should seea 
star emitting light. Known as Olbers’ Paradox, 
this conundrum suggested that the night sky 
should be uniformly bright, not dark. 

Astronomers started observing stars and 
galaxies and, instead of them being static, they 
realised that everything was actually moving 
away from one another. They measured this by 
noting the redshift of stars, the movement of 
light towards one end ofthe spectrum asa 
source moves away (like a police siren moving 
away from you that spreads out its sound 
waves and appears to lower in pitch). They 
realised that the universe was expanding from 
a Big Bang, and thus Olbers’ Paradox was 
satisfied. With a finite, non-static universe, it 
was deduced that not only had the light from 
every star not reached Earth —as they each had 
a finite lifetime — but also there was almost 
certainly nota star in every direction, meaning 
the night sky should appear black. 








Should there bea bright starin every direction? 
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Formation 


Small-to-medium sized stars, 
such as our Sun, form these 
stunning nebulae at the end 


of their stellar lifetime when 
they have exhausted their 
nuclear fuel. 


Life and size 


These nebulae survive for 
25,000 to 100,000 years, a 
short life by astronomical 
standards, and expand at 
approximately 16 kilometres 
per second. 


Red giant 


The dying stars that eject 
planetary nebulae - red 
giants - are not massive 
enough to become 
supernovae as they have 


previously shed some mass. 


The Sun 


It is estimated that in 5 
billion years our Sun will 
also become a planetary 
nebulae, following a rapid 
expansion that will 
consume the Earth. 


Not so planetary 


William Herschel incorrectly 
described these nebulae as 
“planetary” in 1764 when he 
mistook the star at the 
centre for a planet. Despite 
the error, the name stuck. 






The Cat’s Eye Neb 


A dying star’s last breath has produced 
unprecedented insight into nebula formation 


Throwing off glowing gas in concentricshells, the Cat’s Eye Nebula is one of the 
most complex and interesting known planetary phase nebulae and is located 
about three thousand light years from Earth in the Draco constellation. This 
image, captured by the Hubble Space Telescope in 2004, has led scientists 
believe the complicated and intricate structures on display may be the cause ofa bir 
system in the centre of the nebula because of the unique shell formation. 

In astronomical terms the nebula is very young -at on 
forming after a sudden change in mass of the central st 
change in mass is still unknown, but the lighter} 
have been produced in bursts in the latter st: 
formed. Observations over the past 20 ye 
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- The bright central star is surrounded bya 
multi-million-degree gas cloud 
> 
» . 
- 
- 
a . g 
1S) 
This processed image ‘“, —._ ~~ : g 
. : . 3] 
reveals the concentricrings yr i= 
surrounding the inner core z 
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SACLE 


“Enceladus reflects nearly all 
the sunlight that reaches it” 





dileskeltts 


alec) elelecpisesrclableakstobaneeevecscimestelyet-veleKeyae)lsmamm f 
within the E ring, the planet’s‘outermost ring : 






_ Although Enceladus is the 
. J sixth largest moon of Saturn, 
it’s still on the small side. This 
flattened ellipsoid is one- 
seventh the size of Earth’s moon and 
eleleleimaelse-jVAsne)MCyacclm sjale-tbemantalaens| 
mean diameter of 505km (314mi). One of 
the brightest bodies in the solar system, 
Enceladus is icy and reflects nearly all of » 
the sunlight that reaches it. This keeps the 
moon at about -201°C. 
e Enceladus is one of five Saturnian 
moons known to orbit within the E ring. It 


e)de)itce-lele)eimyAomelele) essa pGenelelevenbi Baaeyen| 
Saturn, with an orbital period of 32 hours. 


The moon’s rotational period is the same 
as its orbit, so the same side is always 
facing Saturn. Enceladus is alsoina2:1 
orbital resonance with the nearby moon 
Dione. For every orbit of Saturn completed 
10) B) Co) olay sha lere)tcleletmaeyerle)(siCacMantele) ae) ley 
and each moon exerts a gravitational force 
on the other. This relationship helps to 
keep Enceladus’s orbital path stable. 

_ Enceladus’s place within the E ring may 
explain how the ring stays in existence, as 
astronomers believe that otherwise this 
wide, diffuse ring - comprising ice and 
dust particles - would have broken apart. 
The moon’s cryovolcanism may have 


Shear heating on Enceladus 


The moon was once thought to be entirely composed of ice. However, the water 
vapour on Enceladus was found to contain high levels of salt, which pointed to a sub- 
surface ocean. This liquid means that Enceladus must have an internal heat source. It 
may come from both radioactive decay or shear heating, also known as tidal friction. 
Asthe moon orbits Saturn, the planet’s tides cause Enceladus to be alternately 
compressed and pulled apart. Faults on Enceladus rub against each other and the 
subsequent friction melts ice and forces water, vapour and other gases out of vents. 








Pressurised H,0 ur = Vent to surface 
liquid H.O Cracks in the surface form 
pocket , vents for geysers. 
The heated water ‘ . The water turns : 
feeds into a y into vapour and PLO (o> 
pressurised sub- zo ice particles. Temperatures drop on 
surface ocean - the way up through 
, the frigid icy crust. 
a 





Tidal heating Hot rock . : 

This is due to gravitational _Silicates in the circulation 
pull from Jupiter and the core are heated late convecting | = 
moon Dione. until melting. Heated water circulates through ice, melting it. 
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Enceladus could easily fit 


in the length of the UK 
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caused it to form in the first place and may 
well be replenishing the ring. There’sa 
chance it could also be replenished by 
dust particles that rise when meteors 
strike Enceladus’s surface, as well as the 
surface of other moons nearby. 

Although Enceladus was first observed 
in1789, little was known about this icy 
moon until NASA’s Voyager flybys in the 
early-Eighties. The Cassini spacecraft 
revealed much more about Enceladus in 
2005, but there’s still a lot to learn. A joint 
NASA/ESAmission to return to several of 
Saturn’s moons has been proposed but 
may not take place until 2020. # 


Icy crust 
A crust of water-ice is 
thicker at the south pole. — 





Rocky core 
Enceladus 
probably has a_ 
partially metted 
silicate core. 


Ice plume 


Internal heating 
forces out plumes of 
ice, water and gas. 


Inside 


Mantle 
There is likely a sub- 
ocean of liquid! water. 


Diapir 
This intrusion of hot 
Tel Ul(s Beeler @aat-\\mere| ei =) 


Enceladus’s 
cryovolcanism. 








Plumes ofice, water and 
gas are expelled from 
the surface 


2. Rhea 

Discovered back in 1672, 
Rhea is about 100 
kilometres (62 miles) wider 
in diameter than lapetus. It 
is heavily cratered and has a 
wispy terrain. 


3. Titan 

Titan is Jupiter's largest moon 
by far, at more than 5,150km 
(3,200 miles) in diameter. It 
also has a thick atmosphere. 
lt was discovered by 
Christiaan Huygens in 1655. 


1. lapetus 

At 1,436 km (892 miles) in 
diameter, lapetus is Saturn's 
third largest moon. Its 
equatorial ridge and 
half-dark, half-light 
appearance make it unique. 









~The surface 













¥) ry ae 
| Pci ‘ of Enceladus 
s sie ear rN Seat Some areas of the moon are older and 
cpa . < ~ covered in large impact craters, while 
, AR ue others are relatively smooth and young. 
: 


Phi % N S * Enceladus also has grooves and massive 
» yi . canyons - evidence of tectonic activity. 
€ Nid! 2 e) _ Thesmoothareas may be explained by 





Terrains 









Enceladus exhibits a . » . “ ‘Oy ___ itscryovolcanism. Enceladus spews 
bizarre mixture of softened ‘OAS en »~ water, ice, methane and other gases 
wileeiayslice res | | ») > from vents in the south pole. The ice 
fractured terrains. 4a 
ONS Y continually replenishes the surface. 
+a? AS he - This cryovolcanic activity is also the 
. OF PS IAB » source of the moon’s thin atmosphere, 
i comprising mostly water vapour, which 
. ee » isatits thickest at the south pole. 
, Rey \K Enceladus's southern hemisphere 
' ; ‘~% " contains four or five ‘tiger stripes’ 
' = oark, parallel depressions surrounded 
f : A> Ca _by lowridges. The official term for these 
4y), ' 7 , y) . _ featuresis sulci, and each one is about 
| | 73 7 f ‘st 500m (1,640ft) deep, more thaniookm 
f 4, a : iO ) (62miles) long anda few kilometres 


+. 
wide. Initially thought to be the result of 
tectonics, astronomers believe that they 
" are cracks in Enceladus’s lithosphere 
caused by cryovolcanic activity and the 
; > source ofplumes of water and gas. 


Different colours LPN 
The surface exhibits a pot #' 
pronounced difference in colour, ito) ~.\ ‘\ , 

represented here in blue. * 
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Ny Hot spot 


Nee is acold moon, with an average 

> temperature of 72 Kelvin. However, the 

) a TAl, i - NA _ temperature atits south poleis about 80 

. A A > 7 Aan ny Kelvin, with a hot spotat 85 Kelvin. Itis 

Be NA UCC: (Ce aN a a * / believed that the moon actually orientated 
. ee ea fe Dat\s ~\ itselfto place this hotter area of low- 


BA) , >) \.. density material at the south pole. 
| a XG Enceladus temperature map 














‘wy : j 
Cause of the colours; Pil SO Re 
The walls of the fractures expose \ Gee WAtLy” | % 
outcrops of coarse-grained ice that are \ 
free of the powdery surface materials 
that cover flat-lying surfaces. 
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Geographic poles 


These are fixed: it is the polarity 


Finding your 









ie aa] 
not the continental land mass 
bearings in the Di og 
event of reversal | | 
Confusing 
directions 
Greater r What we know as the 
Cc omp exity current magnetic north 
During transition, h serntnceserei be 
the field, though 
depleted and 
‘tangled’, is unlikely 
to disappear entirely. 


ANA 


AV | 


imp. 
on life 
Animals that rely 
on Earth's 
field for navigation 
have been shown 
to adapt. 


Flippin 

na 

Unlike poles attract: 
north compass needles 


o 
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Reversing the flow 


would point to south Field lines continue to flow from north 
magnetic polarity, ie to south polarity but ‘enter’ Earth from 
towards Antarctica. below instead of above. 


Geomaanetic 
reversa 


Every 300,000 years the Earth's 
magnetic poles switch places and we're 
overdue a change! So just what causes 
this to happen... 








“Every 300,000 years this behaviour 
results in polarity reversal 


Red dwarf 


At'7.5 ue cent the mass ofthe sun, these 
slow-burning stars create a less than 
white-hot profile 


™) The red dwarf represents the most common star-type in the known 
universe. It is so-named after its distinct spectral class and 
diminutive size: at less than half the mass of the Sun. Sufficient 
gravitational pressure at the core ofa star sparks hydrogen fusion: a 
process whereby hydrogen nuclei collide to form helium. It is this energy that 
gives off heat and causes the star to shine. 

With increasing size and weight, core pressure builds, raising the 
temperature and speeding up fusion. At 7.5 per cent the mass of the Sun, the 
smallest red dwarfs barely possess enough mass to sustain this process, often 
slow-burning at 1/10,oo0oth the intensity, forging a less than white-hot profile. 

Despite appearances, this is an advantage; a red dwarf can consume energy 
at much lower levels, helping extend its life. It may take 10 trillion years to 
exhaust its store of hydrogen fuel, easily outdoing the age of the universe. # 


- 


Jes ele Re) om igelele)(= 
Rotation causes the rising cells of 
gas (and so magnetic fields) to 
ie-lalel(-W-lp eM aU lem sleliiel(gle mele) 
energy that eventually snaps as a 
solar flare. 


Convection 


Fields at envelope 


play 

As the ionised 
(electrically 
charged) gas 
moves, it 
generates a 
magnetic 
field that is 


A geomagnetic reversal isa 
change in the orientation of 
Earth’s magnetic field 
where magnetic north and 
south become interchanged. This 
occurs as Earth’s magnetic field derives 
from the fluid motion in its outer-core, 
with heat from the inner-core causing 
this ‘fluid’ to rise. Itis the currents that 
flow in this electrically conductive iron- 
rich fluid that generate the magnetic 
field, so when these change, so does the 
field’s direction. 

On average, every 300,000 years 
Earth’s magnetic poles switch places; a 
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process historically described and 
dated by the orientation of magnetite 
crystals set in place by cooling volcanic 
rocks. Itis thought, though, that every 
few thousand years or so the fluid outer- 
core attempts to reverse, but that the 
solid inner-core can only change by 
diffusion and, because ofthis, acts asa 
braking mechanism. When it does 
actually occur, lengthy falls in field 
intensity tend to precedea reversal. 

Interestingly, while current field 
strength is relatively high, it has 
continued to fall for approximately the 
past 2,000 years. 


proportionally Th e 


strong for the 
size of the star. 


Thermonuclear fusion 

Four hydrogen nuclei collide to form a single 
helium nucleus. The resulting mass is smaller 
than the contributing parts; a difference that 
is converted to energy as heat. 


surface 


Heat energy at 

the surface 

reaches 2,500- 
4,000K and is 
responsible for the 
characteristic red 

Wee -l(sialeldamelm@lcelals 
emitted from the star. 


Wel n ae yemaeelige 

As super-heated gas rises from hydrogen 
fusion by way of convection cells it spreads 
out and ‘cools’ from a core temperature of 
millions of degrees Kelvin. 










1. Hale-Bopp OCCASIONAL 


Before 1997, the last time 
Hale-Bopp flew near Earth 
- approximately 4,200 
years ago - the Great 
Pyramids of Egypt had 
only recently been built. 


Head 
to Head 


_——_ 





COMET 
VISITS 


DID) OU; KNOW 2 


Hale-Bopp 
comet 


The Great Comet 0f 1997 
srabbed headlines when it lit 
up the night sky 


Wy) Often cited as the most observed comet ofall time, 
: Hale-Bopp was visible in the night sky for18 months 
. wey during its flyby of Earth in 1997. Itwas the first comet to 
+ 
be discovered by asmall amateur telescope. Hale-Bopp 

is roughly 40 kilometres (25 miles) in diameter. Itis mainly because 
ofits large size that it appears so bright. Its solid centre -the 
nucleus — is a frozen and dusty wasteland mostly composed of ice 
that reflects a large amount of sunlight. The nucleus is surrounded 
by a combination of gases and dust - known as the coma-suchasa 
metal-rich silicate mineral. 

The light coming out of the comet is a product of ice evaporating 
and disintegrating into a cloud of particles. Hale-Bopp provided an 
abundance of information on the physical and chemical nature of 


comets, including the presence ofa third tail made of sodium 
trailing the comet in addition to a dust and gas tail. 









Umbra 


- 
The magnetic field lines are ~ 
perpendicular to the surface of 4 * f.y 
the Sun atthe centre ofthe ¢ 


2. Halley 


We see Halley’s comet 
enter our inner solar 
system every 76 years, 
with the last visit in 1986. 
The next predicted visit 
date is 28 July 2061. 


FREQUENT 





3. Tempel 1 
This comet orbits the 
Sun every 5.5 years and 
was the subject of the 
Deep Impact space 
mission, which retrieved 
samples from it. 


. Hale-Bopp passed ° 
_ Closest to Earth back. 
in March1997 


sunspot, the umbra. 





Sunspots 


What are these dark areas that appear 
on the surface of the Sun? 


Sunspots appear on the Sun’s 
photosphere, which is the 
layer of gases that make up its 
visible surface. It is hundreds 
of miles deep until it reaches the core of 
the Sun where heat and energy are 
produced. As the Sun is mostly made of 
highly magnetic plasma it has avery 
strong magnetic field, which constantly 
shifts. The power of the magnetic field is 
such that the lines of magnetism can 
become twisted and pierce the 
photosphere ofthe Sun, forminga 
sunspot. They are a few thousand degrees 








cooler than the surface of the Sun, which is 


about 5,500°C, and therefore have a darker 
'? and dimmer appearance. 
Magnetic field lines form loops around 
Penumbra an object, so sunspots actually appear in 
As the magnetic lines pairs where the loop goes into and back 
curve ina loop, the edge of 
the sunspot (the out of the Sun. Sunspots are usually 
penumbra) hasa weaker created as the result ofa magneticstorm 
magnetic force acting on it. on the Sun, and are often accompanied by 
a solar flare shock wave. The number of 


© NASA 


sunspots varies across the 11-year solar 
cycle, from many in the solar maximum to 
almost none in the solar minimum. These 
are the periods of greatest and lowest 
activity of the Sun respectively. 
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Understanding 








SCIENCE 


Modern rocket science was used in entertainment and 
weaponry, long before the realms of space travel 


Rocket science has been around since 
the 280s BCE, when ancient Chinese 
alchemists invented gunpowder. 
Initially used in fireworks, gunpowder 
was soon put to use in weaponry as fire-arrows and 
bombs among other things. Throughout the 
centuries, rockets continued to be used as weapons 
until the early-2oth Century. In 1912, Robert Goddard 
built the first liquid-fuel rocket (previous rockets 
were solid-fuel) and began the age of modern 
rocketry. To date, there have been somewhere in the 
region of 500 rocket launches from NASA's Cape 
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Canaveral, and more than five thousand satellites 
launched by rockets from spaceports throughout the 
rest of the world. 

While the term ‘rocket’ can be used to describe 
everything from cars to jet packs, most of us think 
space travel when we see rocket. Most rockets follow 
the same basic design. Typically they are tube-like, 
with stacks of components. Rockets carry 
propellants (a fuel and an oxidiser), one or more 
engines, stabilisation devices, anda nozzle to 
accelerate and expand gases. However, there’s a lot 
of variation among those basic elements. 


There are two main types of rockets: solid-fuel 
and liquid-fuel. The former have some similarities to 
those early gunpowder rockets. For space 
applications, solid-fuel rockets are often used as 
boosters to lower the amount of needed liquid fuel 
and reduce the overall mass of the vehicle asa 
whole. Acommon type of solid propellant, used in 
the solid rocket boosters on the NASA space shuttles, 
is a composite made ofammonium percholate, 
aluminium, iron oxide and a polymer to bind it. The 
propellant is packed into a casing. Solid-fuel rockets 
are used alone sometimes to launch lighter objects 


Liquid-fuel rocket True rocket 
Gg TO Pe Robert Goddard built and In 1232 BCE, the Chinese 
launched the first liquid-fuel used rocket-arrows 
FE, A {" TS rocket on 26 March 1926. It propelled by burning 


ROCKET 
FIRSTS 





was fuelled by gasoline and 
liquid oxygen, the flight 
lasted 2.5 seconds. 


the Mongols. They were 
likely a frightening sight. 


gunpowder in their war with 


Launch into Earth orbit Launch into space Private launch, Earth orbit 
On 4 October 1957, the R-7 Germany launched the first Commercial space travel 
ICBM was the first rocket to rocket capable of reaching company Space X launched 
launch an artificial satellite space, the V-2 rocket, in Falcon 9 in December 2010. 
- Sputnik 1 - into orbit. This 1942. The missile was With an unmanned capsule, 
sparked the space race launched at sites in England it orbited Earth twice before 
between the US and USSR. and Belgium. landing in the Pacific. 


MD YAOI Advances in gunnery left rockets forgotten until an Indian prince used them in the Mysore Wars [late-1700s] 


into low-Earth orbit, but they cannot 
provide the type of overall thrust 
needed to propel a very heavy object 
into Earth orbit or into space. They can 
be difficult to control once ignited. 
The difficulty in getting offthe 
ground is due to the strength of 
Earth's gravity. This is why thrust-a 
rocket’s strength -is measured in 
pounds or Newtons. One pound of 
thrustis the amount of force that it 
takes to keep a one-pound object at 
rest against Earth’s gravity. A rocket 
carries fuel that weighs much more 
than the object that it’s trying to move 
(its payload -a spacecraft or satellite). 
To understand why, think about what 
happens when you blowup a balloon 
and then release it. The balloon flies 
around the room because of the force 
exerted by the air molecules escaping 


from it. This is Newton's third lawin 
action (see The three laws of motion 
on page 156). But the balloon is only 
propelling itself; rockets need to 
generate thrust greater than their 
mass, which includes the weight of 
the fuel. For example, the space 
shuttle in total weighs about 4.4 
million pounds, witha possible 
payload of about 230,000 pounds. To 
lift this, rocket boosters provided 3.3 
million pounds of thrust each, while 
three engines on the main tank each 
provided 375,000 pounds of thrust. 
Liquid-fuel rockets have the benefit 
of losing mass over time as their 
propellant is used up, which in turn 
increases the rate of acceleration. 
They havea higher energy content 
than solid-fuel rockets. Typically they 
consist ofa fuel and an oxidiser in 


separate tanks, mixedina 
combustion chamber. Guidance 
systems control the amount of 
propellants that enter, depending on 
the thrust needed. Liquid-fuel rockets 
can be stopped and started. 

Launch location can also help 
rockets become more efficient. 
European Space Agency member 
country France chose to builda 
spaceport in French Guiana not only 
for its location near water, butalso its 
location near the equator. Launching 
a rocket near the equator, inan 
easterly direction, makes use of 
energy created by the Earth’s rotation 
speed of 465m per second. This also 
means that putting a rocket into 
geosynchronous orbit is easier, 
because few corrections have to be 
made to its trajectory. 


Esca pe velocity How rockets break free of Earth's gravity 


Throw an apple into the air and it 
will keep travelling away from Earth 
until gravity overcomes the force of 
your throw. At this point the apple 
will fall back down to the ground. If, 


Escaping 1. Gravity 
= An object fired from a cannon 
other bod jeS is returned to Earth by gravity, 
; in the direction of Earth's core. 
Escape velocity depends y a 
on the mass of the planet : 
; 2. Mid-range 
or moon, meaning that = ie 
A e greater the object’s speed, 
each planet S €SCape the further it travels before 
velocity is different returning to Earth (falls at the 






mi 
4a a ; 

Mass (Earth = 1): 3. Long-range 

0.00015 With enough velocity, 

Escape velocity: the object reaches the 

2,30lk/h 0,430mph) horizon, at which point 


Mass (Earth = 1): i 
0.012 . x. | 









Mass (Earth = 1): 
333,000 

Escape velocity: 
2,223,469km/h 
(1,381,600mph) 


same rate of acceleration). ‘ 


the ground ‘falls away’ 
(due to Earth’s curve) 
and the object travels 
further before landing. 


5. Orbital velocity 
At this speed the object’s 
gravitational fall is 
balanced with the 
curvature of the Earth. 

‘ 


~ 
6. Circular orbit ™ Newton’s 


The object travels so fast it 
falls all the way around the 
world. It is now in orbit. 


7. Elliptical orbit 
Object speed is greater than 
orbital velocity but less than 
escape velocity. The object 
continues to circle the Earth. 


however, you launched that apple 
froma cannon ata speed of 
40,000km/h (25,00omph) - that’s a 
nippy 11km (7 miles) per second - the 
apple will reach what’s known as 


\\ 





‘ 


velocity 
PS 


8. Escape velocity 
At escape velocity, the 


object will break free of 
Earth’s gravitational pull. 


cannon 


How an object's 
helps it 
Earth's 


escape velocity. At this speed, the 
force of gravity will never be stronger 
than the force causing the apple to 
move away from Earth, andso the 
apple will escape Earth’s gravity. 




























A 


4. Half orbit 
Earth’s surface falls away 
from the object nearly 
equal to gravity’s rate 

of acceleration. 







pull 


Liquid-fuel 

















rocket 


The components 

of a liquid fuel 
rocket and how 
they work 





and hydrazine. 


Oxidiser 

The oxidiser may be 
liquid hydrogen, or in 
the case of hydrazine, 
nitrogen tetroxide. 


Pumps 
These pumps move 
the fuel and oxidiser 
into the combustion 
chamber. 


i 


Jets of fuel and 
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The three 
laws of 
motion 


Rockets have been around for 
thousands ofyears, but the science 
behind them wasn’t understood 
until Isaac Newton’s 1687 book 
Philosophiae Naturalis Principia 
Mathematica. In it, Newton 
explained three laws that govern 
pate lace)eneya-)0 mele) (sel s-pm eleva caste isan ts 
NCEA Va ce) oop br: \uvecne) mY (0) a (eye mm @elennianare 
these laws have made modern 


rocketry possible. 


FIRST LAW 


The first law states 
that objects that are 
at rest will stay at 
rest, while objects 
detelmsacpbapencelaleyal 
will stayin motion 
unless an external, 
Malerclt-belaseb eens 
acts uponit. A 
rocketis at rest 


* untilthrust 


unbalances it; it 
willthen stayin 
anela(eveneneimtels 

rs) a(meleneltaectstaleeetse 
bhelercltstelacee(ecacn 


SECOND LAW 


Force =mass X 
acceleration. 
Force isthe 
pressure from the 
explosions. It 
accelerates the 
rocket’s massin 
rela enebbacrelslejansverel 
dalepeatstihelaues 
expelled gasesin 
the other. Mass 
decreases asit 
leltbaatcnele 
propellants, while 
acceleration 
increases. 


THIRD LAW 


The third law states 
detle@aaiaay 
action, there isan 
equal and opposite 
reaction. Whena 
rocket launches, 
the action is the gas 
expelling from its 
engine. The rocket 
movesinthe 
opposite direction, 
whichis the 
reaction. To lift off, 
dalchdebavtcimerlerimels 
greater than the 
rocket’s mass. 









Rockets like Saturn V, the one 

used to launch NASA’s Apollo and 
Skylab programs, are multi-stage 
liquid-fuelled boosters. The Saturn V 
is considered to be the biggest, most 
powerful and most successful rocket 
ever built. It was 110.6m tall, 10.1m in 
diameter and had a payload of 
119,000kg to low-Earth orbit. 

There were three stages, followed 
by aninstrument unit andthe 
payload (spacecraft). The total 
mission time for this rocket was 
about 20 mins. The centre engine was 
ignited first, then engines on either 
side ignited. The first stage lifted the 
rocket to about 70km and burned for 
2.5 mins. When sensors in the tanks 
sensed that the propellant was low, 
motors detached the first stage. The 
second stage continued the trajectory 
to176km and burned for six mins. 
About halfway through this stage’s 
ignition, the instrument unit took 
control of calculating the trajectory. 

Second stage complete, solid-fuel 
rockets fired it away from the third 
Stage. The third stage burned for two 
minutes and 30 seconds and stayed 
attached to the spacecraft while it 
orbited the Earth, at an altitude of 
191.2km. It continued to thrust and 
vent hydrogen before ramping up and 
burning for six more minutes, so the 
spacecraft could reach a high enough 
velocity to escape Earth’s gravity. 





This tracked vehicle ae ie 
moved spacecraft ' r 
from the Assembly 
Building to the 
launch complex along 
a path called the 
Crawlerway, and then 
moved the empty 
MLP back to the VAB. 


Saturn V: The bi 
and most powe 


‘There are two main types of 
rockets: solid-fuel and liquid-fuel” 






















Uinbilic 
ical 
Tower 
Builtas partofthe 

MLP (but removed 

and installed 
permanently at the 
launch site for the 

shuttle missions), i 
the Launch » 
Umbilical Tower 

contains swing arms 

to access the rocket, 
acrane anda water 
suppression system. 


Payload 


The Saturn V payload was 
either Apollo spacecraft or 
the Skylab space station. 
With the former, it carried 
both the Command 
Service Module (CSM) and 
the Lunar Module (LM). 


Third stage 
The third stage is S-IVB. It only 
had one engine but also used 


liquid hydrogen and liquid 
oxygen. Fully fuelled, it 


weighed 119,000 kilograms. 


Second stage 






















Instrument unit 
The instrument unit, 
containing telemetry and 


Ae, 


‘ 


: ,. 
guidance systems, The second stage, orS-Il, also 
controlled the rocket’s contained five engines and was 
operations until the nearly identical to the firststage. 


However, itwas powered 
by liquid hydrogen and 
liquid oxygen and weighed 
480,000 kilograms. 


First stage 


The first stage was also 
known asS-IC. It 
contained a central 
engine, four outer 
engines, RP- fuel 
(kerosene) and liquid 
oxygen as the oxidiser. 
Fully fuelled, it weighed 


if 23 million kilograms. 


ya 


ejection ofthe third stage. 


u, 
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Mobile 
Launcher 


Platform 
(MLP) 
Athree-storey 
platform designed to 
support and launch 
the Saturn V (and 
later, the space 
shuttle). Spacecraft 
are built vertically, in 
aready-for-launch 
configuration, inthe 
Vehicle Assembly 
Building (VAB). 
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SPEED NEEDED TO 1] 3 k ey VERO) 40) 7 KOO ele O 
ESCAPE EARTH’S GRAVITY : [Y)/S_ FUELON BOARD 

TIME IT TAKES ' SPEED NEEDED TO Y, & () ele k h 

TO REACH SPACE & TYOINS = Stayin eartH orsit : aa ‘igi A ¥ 
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6. Pay load launched 4. Third stage Here the Apollo 6 flighti is 
Ariane’s payload, a satellite, is released by This third stage is Sun bobecan! 
steel springs. The rocket is also capable of known as thestorable © 
carrying and launching dual satellites propellant stage. It 
and also delivered aspacecraftto the contains two propellant 
International Space Station. tanks of nitrogen 

tetroxide and hydrazine, 

which feed an engine 
Q that provides the energy Be lbutemeyceyersutvell 


to release the payload. rockets have 


cy — come a long way 
since their 
inception... 


5. Fairing &@ 








The fairing protects nie S 
5 s Space 
COL = 2. Solid rocket boosters Transportation 
3. Main stage These solid rocket boosters provide System took the 
ate feeaatna - Ariane’s main, or second stage 10 tons of thrust. Atan altitude of shuttle into orbit for 
cman 60km, about 130 seconds after liftoff, 135 space missions, 
during launch. It comprises two separate compartments, the boosters are spent and detach na loatofwhich was 


falls offabout three containing liquid oxygen and liquid 
minutes after liftoff, | hydrogen. These poweran engine that 
at an altitude of burns for ten minutes until the stage 
about1ookm. separates, at an altitude of 145km. 


from the main stage. 8 July 2011. 





Saturn V 


The most powerful 
space rocket to date, 
Saturn V was tallerthan 
a36-storey building and 
HFe\bh ate ele Racy atgavele)tce) 
moon mission. 


Sv 


Multi-stage rockets are essentially multiple rockets (each with 
their own engines and fuel systems) stacked on top or beside each 





other. Sometimes this assembly is known asa launch vehicle. As Sputnik 
the fuel burns, the container holding it becomes dead weight. The Soviet Union's 
When a stage separates from the main body, the next stage is Sputnik Rocket 
capable of generating more acceleration. The downside of a multi- Sneanete ewe 
stage rocket is that they’re more complex and time-consuming to irst satellite, Sputni 
bu id and there are ms Itiple sotenitl failure points. mene ie Avene pace : pei sort eerie 
y external features of a payload the start of the space 
the fuel savings are worth the risk. This example shows the ESA’s (such assolar panels) will remain race with the USA. 
Ariane rocket launching a satellite in Earth orbit. folded up until it reaches orbit. Tritiiiiitiiiiit 





Propellant injection Collision 


ae, 
lon engines usea propellant fuel, which is The collision of propeilantatoms ion en ire 
injected into a discharge chamber and and electrons results in the release 
bombarded with electrons. of positively charged ions. ' 


Both solid-fuel and liquid- 
fuel rocket engines generate , = 

~— Multi-aperture — thrust through chemical 19 VA 
\ grids __ reactions, but in the future, Tn he first. 
Thisseriesofgrids —_ rockets may be powered by Pratete(stei] _ cet 

_, extractsthe ion engines while in space. | American Robert _ 
positively charged Ani th bo xdda rd built the first 
ions and electrically BOs SUBS Ses either Saeco nae tena 

acceleratesthem electromagnetic or en cess rocket , 

: et ; se)ae)elssitcbalmaele (alm 

into ion jets, electrostatic force to 1; 


7 ‘ climbe ad 12 2.5 metres a 
generatingthrust. = accelerate ions, atoms witha nefore landir fae: | 
net positive or negative nearby cab pagepatch. — 
charge. While the amount of nf | f 
\ thrust generated is : 7 
Cathode i | 
engine is more efficient and 


V-2 Rocket 
Developed by Germany 
for use at the end of 
WWIL, the V-2was the 
first rocket to achieve 
‘sub-orbital 
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Magnetic field A hollow cathode injects negatively comparatively low, the 


Magnetic rings generatea magnetic field charged electrons into the positively 
that facilitates the ionisation process. chargedionbeamtorenderitneutral. can last foravery long time. 
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Skylab 


How NASA’s first space 
Station provided the 
groundwork for the ISS 


Following on from the success of the Apollo 
missions, and using the same equipment, NASA 
launched its Skylab space station in 1973 to observe 
the effects on a human during a prolonged period 
in orbit around the Earth. It was also intended to provide more 
astronomical information than could be provided from Earth- 
based observations. It was operational until 1979, completing 
more than 300 experiments in the process with three different 
three-man crews inhabiting the station. Unlike the ISS, which 
has taken over 12 years to build and is still ongoing, Skylab 
required only one unmanned launch to be complete and 
needed no assembly in space. 

The shell of Skylab was a modified Saturn V rocket used to go 
to the moon. It was also initially launched on top ofa Saturn V, 
but the later manned missions used a Saturn 1B rocket. An 
Apollo spacecraft transported the crew to the station and 
returned them to Earth. The success of Skylab missions proved 
that humans could bea positive asset when working in space, 
demonstrating excellent mobility and limited space-related 
problems barring a few bouts of space sickness. Skylab also, for 
the first time, showed that the resupply of space vehicles was 
indeed possible. 

The crew were able to produce unprecedented data on the 
Earth and the Sun using the equipment on board like the 
Apollo Telescope Mount (ATM), which acted as asolar 
observatory, giving views of the Sun and stars with no 
atmospheric interference. The crew exceeded all expectations, 
performing unplanned experiments such as observing a 
nearby comet. The station also famously had two spiders on 
board, which showed that they could build a near-perfect - if 
slightly irregular - web in space. 

Although a successful six-year mission, the station did 
encounter problems on launch when its meteoroid shield 
ripped offand damaged the station’s solar protection. When 
astronauts first arrived the station was a rather sweltering 52°C. 
Asun-parasol had to be deployed to lower the temperature. 





Some experiments were 
attached to the outside of Skylab 
and collected by astronauts 


“Skylab required only one 
unmanned Igunch to be complete” 


NASA s first space station 
Inside 


Skylab 


Discover the layout a) 
this groundbreaking 
space station 








Apollo Telescope Mount 
Housing a number of solar telescopes 
used primarily in attempting to 
observe solar flares, which were of 
great interest to NASA. Itwas 
successful on several occasions. 












































ae | 
Multiple Docking Adaptor 
Provided a primary and secondary 


- docking port for the Apollo spacecraft. 
’ Alsocontainedcontrolpanelsforthe . . 


' Apollo Telescope Mount. a 
4 



















Command and service module 
Used as a workstation, the crews also used this module 
to travel to and from the station. The last crew, 

knowing the space station might not survive, packed it 
with valuable equipment that would have been lost. 


















Head , LONG ~ 1. Skylab oi" 2, 1SS LONGEST 3. Mir 

: ee Three crews manned the Broke Mir's record for Occupied for 4,592 
to Heg d zy Ma station (although not + 

AY» 7 a continuously) for 171 days 


~—s + uninterrupted human days (not continuously) 
TIME IN time. The longest stay was 


presence in space (3,644 a from 1986 to 2001. Mir 
SPACE A 36 84 days. 


days) on 23 October 2010, yy “4 ™ was one of the Soviet 
VAs A sto U Wii LCen | IL Eqward Everett Hale in 186 9 VPIOHeerel } the ideag oF} HOCH IQ da Mmdnnet SVOCce SCOTIO?# Il ito orbit 


~ and could remain operational _ Union’s major 
“ 






and 13 hours, a record at the 





for at least another ten years. achievements in space. 









Airlock — Solar panels 


Size comparison 





























Allowed crews on - Thesewere folded against the station ISS 3 : 
board to perform for launch and extended in space, : 

spacewalks outside providing power for the station. They Mir 

thestation, which were initially damaged and later Skylab © 

consisted largely of repaired by astronauts. 3 3 

repair work. The first : 

crew had todeploya 

sun-shield through 

the airlock to protect 

the station from the 






Sun’s rays. 















Crashing 
to Earth 


NASA originally had plans to docka 
shuttle with Skylab in 1979 to push 
itinto a higher orbit where it would 
not be dragged into Earth’s 
atmosphere. However, in late-1978 
the National Oceanographic and 
Atmospheric Administration 
(NOAA) warned that an increase in 
solar activity would move Skylab 
into the atmosphere within a year. 
With the shuttle program 
delayed until 1981, Skylab became 
the subject of a huge media storm 
when NASA announced it would be 
re-entering Earth’s atmosphere on 
11 July 1979. Controllers at the 
Wy Johnson Space Center attempted to 
manoeuvre the station to ensure it 
disintegrated upon re-entry, but 
some ofit survived and its remains 
were found near Perth, Australia. 
: The San Francisco Examiner gave 
ll £5,000 ($8,000) to a groundkeeper 
g in Western Australia for winning a 





Workshop 
The upper part of this housed the 
workstation for experiments, and the 
lower had the living quarters including 
akitchen, dining room (knownas the 

_ wardroom)and bedroom. 




















YT adder level competition to deliver a piece of 
, , experiment area debris to its office, and The Shire of 
poycotateleLoRclelUbloeet=velt Esperance in Australia fined the US 
.icrammateoroid shicid io @eltbeatcvene)(e)ley-4y £250 ($400) for littering. 















experiments 
Protected the workshop from ‘ 


micrometeoroids moving through 
space, and provided shade from the 
rays of the Sun. It broke on take-off, 
damaging the station. 


- 
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The statistics... 





Weight: 91,000kg 
Height: 36 metres (118 feet) 
oe Diameter: 6.7 metres (22 feet) 
x Mert Living space: 283m’ (9,994ft*) 
aluetie) Vee Altitude: 435 km (270 miles) 


deployedonims. Orbital period: 93 minutes 
Skylab 
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“The Oort cloud was created during the 


formation of the solar system ™ 


The Oort cloud 


What is this comet-filled cloud.in our solar system? 











™ The Oort cloud isa giant the origin of comets. It was created even nearby stars have caused objects 
- J sphere oficycometarynuclei duringtheformationofthesolarsystem, ~ toactually leave the Oort cloud. They 
datclmcitbacelepeleraelenae)t- ve when planetesimal bodies gathered to then either turn up in the form of comets 

~ — system. Its maximum form planets or moons. The gravitational intheinnersolarsystem, or they are 
distance is 1.9 light years away from the influence of Uranus and Neptune sent sent completely out of our system's 
Sun, which is as far as the Sun’s some of these planetesimalsoutwardsto influence altogether. Just as objects are 
gravitational influence extends. form the Oort cloud. lost from the cloud, new ones from Evidence of the Oort 

In1950, Dutch astronomer Jan Oort Over time the gravitational effects of outside the solar system can also be cloud’s existence is 

developed the concept of this cloud as the Sun, planets in the solar systemand attracted into it. # supported by the 


discovery on 14 November 


2. Long period comets 2003 of the furthest object 
The Oort cloud’s These cntate usando the solarsyst 
years to in the solarsystem. 





= orbit the Sun. Their orbits do not Named Sedna, itis 
ulation conform to the ecliptic plane and they currently 13 billion 
can travel round the Sun in a clockwise 


kilometres away from 
Earth. Its highly elliptical 
1. al fTejirer) plane orbit around the Sun 

This is where the Oort takes 11,250 years and toa 
Cloud is most dense. maximum distance of 130 
billion kilometres. 

Sedna has a diameter 
of between 1,180 to 1,800 
kilometres, making it 
larger than an asteroid 
but smaller than a planet. 
Itis the second reddest 
object in the solar system 
after Mars, and its surface 
temperature is a rather 
cold -240°C. 

Asticking point is that 
itis much closer than the 
predicted position of the 
Oort cloud. One 
suggestion is that millions 
of years ago a rogue star 
passed by, causing 
comets and bodies like 
Sedna to form an inner 
Oort cloud. 


or anticlockwise direction. 





3. Transformation 4. Short period comet | 
Over time the influence of gravity can These orbit in the same direction as 
cause long period comets to become the planets on the ecliptic plane. 
short period comets. Halley’s comet is Their orbit is relatively short, such as 
thought to have originated from the Oort Halley’s comet, which takes 76 years 
ox (elt(eB-l-e-Blelsle Bel eleehee se to orbit the Sun. 
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* Centrifuges Fitness - Floating 


Survival training Simulators 
NASA's first manned space To gain experience of high Astronauts have to be fit and Astronauts are given the Astronauts train for their 
programmes involved landing g-forces experienced from healthy. Fitness programmes sensation of working in mission in mock-ups and 
space capsules in the ocean. high levels of acceleration, in the early days of space spacesuits in giant water simulators. These give a 
Astronauts were trained for trainee astronauts are spun on exploration were intensive and tanks. NASA uses the world’s realistic impression of the 
surviving on the oceanandalso * the end of a long arm that involved training in oxygen- largest indoor pool-holding tasks that they will carry out 
had jungle training. rotates at high speed. deprived environments. shuttle and station mock-ups. and the living conditions. 


NASA has operated 100,000 parabolic Zero-gravity flights to support all of its manned space programmes 


















Test equipment Checking 

Any equipment used for zero-gravityresearchhasto All flight personnel have to pass a thorough > 

fit through the standard-sized 1.93 x1.07m (633 xX3.51ft) medicalexamination before the mission. . 
passenger door. It has to withstand up to 9g of force Equally, all test equipmentis checked and J 
exerted from the front of the aircraft. approved before the flight. c.. 


Largest 

The Airbus is the largest 
aircraft used for zero-g flights. 
Itis 54.08m (177.4 ft) long, hasa 
44.85m (147.1ft) wingspan and 
an 87ikm/h(541mph) 


maximumspeed. —_ 
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The French company Novespace operates the 
‘zero-g’ Airbus A300 on behalf of the European 
Space Agency (ESA) from Bordeaux-Mérignac 
Airport. The Airbus was purchased in 1996 and 
was strengthened to deal with the demanding 
stresses of parabolic flight manoeuvres. Each 
flight carries five pilots, with three working in 
the cockpit at the same time. 





Biomedical 


Full approval has to be gained to 
test humans in zero-g. An ethics 
committee consisting of18 experts 
has to approve the experiment. 
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The parabolic flight manoeuvre 








1. Entry pull- 2. Injection point 3. Zero-gravity 4. Pull-out 5. Repeat 
up phase In20secs, at an altitude phase phase After returning 
Flyingatan of 7m (22,966ft), the At the microgravity The free-falling tonormal-level 
altitude of5km aircraft reaches the phase, lasting2osecs, _aircraftis pulled flight for two 
(16,404ft)ataspeed injection point. Engine zero-gisexperienced.  outofthezero-g mins, the 
of 825km/h thrustisreducedandin —_Ysingavideolink, phase, andin20 parabolic 
: (513mph), the oe aoe — cs i pilots can control the secs it descends at ar bel 
. ° - . ircr n § phase. k r i 
Find out how fixed-wing aircraft —fracgrees upto2gfromszokam/hgs4mph)—Gbjectsfree floating originaleruising—-bedoneina- 
can simul ate z ero-gravity is experienced. eae h(230mph). inthe tein cabin. speed and altitude. ——— flight. 
conditions for astronaut training atten 4 ; 2 a 
When an aircraft follows a parabolic flight path, (28,000ft) ; 42 = (230mph) 
it creates a weightless period for several 65 G 
seconds. This is ideal for providing astronauts 9 D 8 
with the sensation of zero gravity and testing £Lo cf 
equipment for use in outer space. Atypical three-hour 
training mission makes at least 30 parabolic flights. They 
can simulate zero-g for 25 seconds, one-sixth g (lunar-g) for 7600m 570km/h 
30 seconds or one-third g (martian-g) for 40 seconds. (25,000ft) - (355mph) 
In 1959, NASA used a Convair C-131 Samaritan aircraft to ; A7° A?* 
train the Mercury programme astronauts. It was quickly 
nicknamed the ‘vomit comet’, as one in three passengers 
became violently sick. et 
Most aircraft used for such flights are adapted versions of 
transport or commercial passenger aircraft. NASA 
currently uses a McDonnell Douglas C-9 and the European 4 
Space Agency uses an Airbus A300. 6,100m (20,000ft) 825km/h (513mph) 


Since 2004, commercial companies started offering such 
flights to the public, and NASA offers a scheme for students 
to design and fly micro-gravity missions. 


re ] minute 10 seconds —-— 
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“One teaspoon of mass would 


weigh up to a Billion tons” 


AW alcieleceencie-bacjitcr-laeel= 
49 a_i A ‘ 


AW alarsyemasvaabatsbelacne)i 
Supernovae are some 
(0) osm aalelsimestskstsat(= 
objects in the universe 


| BSclavlerbutcsos scree 

solar masses (the mass of the Sun) . . 

forms a white dwarf at the end ofits ; 

lifetime, owing to its gravity being 
too weak to collapse it further. If the mass ofa 
star is greater than five solar masses, the forces 
will beso intense that the star collapses past the 
eleyeelmeyacBalcitlacejemcitcba- Dele elcueyes(ace-Me)t-lec@ele) om 
However, between these two extremes a 
neutron star will form as the result ofa 
supernova, although only approximately one in 
a thousand stars will become one. 

Asastarruns out of fuel it will eventually 
collapse in upon itself. In the formation ofa 
neutron star, the protons and electrons within 
every atom are forced together, forming 
neutrons. Material that is falling to the centre of 
the star is then crushed by the intense 
gravitational forces in the star and forms this 
same neutron material. ~on : 

Like the Earth, magnetic fields surround “a 
neutron stars and are tipped at the axis of 
ce) eclaceemmer-deslcj\vaaelepeleagen-belee-veleldemele) (ais 
However, interestingly, the magnetic field ofa 
neutron star is more than a trillion times 
stronger than that of Earth's. 

The gravitational forces in a neutron star are 
also incredibly strong. The matter is so densely Ww — 
packed together into a radius of 20 kilometres (12 . 
miles) that one teaspoon of mass would weigh » 
bom cok- Me)edbleyamce)atspecloleelmaelat-t-Deslors tore! 
mountain. They also spin up to 600 times per 
second, gradually slowing down as they age. 

Oddly enough, as a neutron star becomes 
heavier it also becomes smaller. This is because . 
a greater mass means a greater force of \ S , 
gravitational attraction, and therefore the 
neutrons are squeezed more densely together. In 
fact, ifyou were able to drop an object froma 
height of one metre on the surface of a neutron 
SJEcDOmLMTVOLUb OM evimaslonss cele bele-im-lelelelmmelele) 
kilometres (1,200 miles) per second. # 








© NASA 








Supernovae can leave 
neutron stars as remnants 














© NASA 
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Magnetic 

field lines 

The strongest 
magnetic fields in 
the known universe 
surround a neutron 
star, partly 
responsible far 
breaking up the 
atoms in its interior. 


A 





Surface 

PAN male) conserve 
1,000,000,000°C, iron ’ 
and lighter elements are 
present on the surface 
Lolbi@acciblaceepceasntclaleal 
has not yet begun. 


Magnetar 
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Outer 


core - 9km 
Here almostall the 
neutrons begin to 
float out of the nuclei 
of atoms due to the 
aigerrdene(sersiays 


Quarks are particles that combine 
to form all matter such as neutrons. 


Confined quarks 

It is theorised that at the core of 
.aneutron star, quarks can 
exist freely outside of particles. 


Inner crust - 1km 
Anincrease in pressure produces 
aneutron superfluid, where some 
neutrons leave atoms and move 
freely without friction or 

other interactions. 


\ 
Outer 
crust - 200m 


The gravity hereis 
approximately 10" 
times that of Earth. 
Coupled with the 
intense magnetic field, 
thestructure ofatoms 
begins to breakapart. 


Jf | 
Inner core - lkm 
rhe physics at the centre of a 
neutron star remain largely 
bbelcesleuuamecliselelerdetaayscell 
theories exist predicting 
hypothetical particles such 
as quarksand gluons. 


neutromstar 


| WNal-diel(selemee-Belnelaceeric-laueele-Dete ical oay 
complex physics that scientists are only now beginning 
to understand. The conditions are unlike anything 
found elsewhere in the universe, making neutron stars 
a unique and fascinating object to examine. 


Aneutron star with an extraordinarily large magnetic field is knownasa 
magnetar. Small ‘glitches’ in the magnetic field of amagnetar can cause 
giant stellar quakes, one of the largest known explosions in the universe. 


Radiation 
MUiietailias— tints 


radiation thatsweep through 
our line of sight. 


Rotating pulsars 


Most neutron stars begin life 
Pesce si menriili@eltl. ve 
with strorig magnetic fields. 


Pulses 

Pulses of high energy are 
caused by the rotation and 
magnetic axis being out of line. 


© Science Photo Library 


Pulsars 


A rapidly rotating neutron star that emits 
jets of particles and a large amount of 
electromagnetic energy (such as x-rays 
and light) is known asa pulsar. All 
neutron stars begin life as a pulsar, but 
as they age and lose rotational energy 
they are no longer considered a pulsar. 
The jets of electromagnetic radiation are 
fired out from the north and south poles 
of the pulsar. The gravitational force ofa 
pulsar is so strong that apart from at the 
poles, matter and even light are not able 
to escape from its surface. 

Pulsars can rotate up to1,000 times 
per second, although some spin much 
faster. Their rate of rotation is so regular 
that they are the most accurate record of 
time in the universe; no clock on Earth 
can replicate their accuracy. We observe 
pulsars as their emitted radiation 
sweeps through our line of sight. Their 
high rotation speeds are due toa 
misalignment of their rotation and 
magnetic axis, sending them into an 
uncontrollable but regular spin. 








Olympus Mons 


Ascraeus Mons 


Valles Marineris 


Claritas Rupes 


4 Welo)bredelpectsbemer-tony(c1mconi-im (Ole) me)emnel= 
surface of another planet, our fascination 
with learning about Mars is endless... 


) To date there have been 42 missions to 
Mars, with exactly half of them being 
complete failures. Other than the Earth 
™ itis the most studied planet in the solar 
system, and for centuries it has been at the heart of 
wild speculation and groundbreaking scientific 
discoveries. Observations of Mars have not only 
revealed otherwise unknown secrets but also 
posed new and exciting questions, and it is for these 
reasons that it has become the most intriguing 
je) EDalaie-Dataelelenaeyaeluemansitss 
Named after the Roman god of war, Mars has 
fascinated astronomers since Nicolaus Copernicus 
first realised Mars was another planet orbiting the 
Sun in 1543. Its notable features such as huge impact 
craters, gullies and dormant volcanoes suggest it 
was once more geologically active than it is now, 
leading scientists to speculate on whether it 
supported water and life in the past, or indeed if it 
still does today. Astronomers in the 19th Century 
falsely believed they could see large oceans, and 
there were several reports of people receiving 
wereysuvenlepad(arcialeyetcmeeceerWive-Daatcbelpeemaalsp(e)arnne)i 
bursts of light when they observed the planet 
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through a telescope. Of course, we now have a better 
understanding of the planet, but we are still yet to 
unlock some of its most puzzling mysteries. 

Mars sits 227 million km (141 million miles) from 
the Sun and takes 687 Earth days to orbit..As its 
orbital path is not in sync with Earth’s it goes 
through a 26-month cycle of being closest (known as 
(o)e)olessialevele-balematiauelscjm(mevelievelee (eye) peqeerme ly 
located at a distance of 56 million km (35 million 
miles) and 401 million km (249 million miles) 
respectively. This change in distance means 
spacecraft destined for Mars are sent ina launch 
window every 26 months, when Mars is closest to 
Earth. The next will be in November 2011, when 
NASA plans to launch its new Mars rover, Curiosity. 
The journey time is upwards of six months, so Mars 
will actually be closest on 3 March 2012. 

Like all of the planets in our solar system, it is 
believed that Mars formed about 4.5 billion years 
ago inside a solar nebula, when dust particles 
clumped together to form the planet. At just under 
half the size of Earth Mars is actually quite a small 
e)EcDalsomnuellaemtce-le)ercbeseleiacle(cmeonael-BCclamibleicae 
formed first. The gravitational forces of Jupiter -a 


gas giant - consumed available material that would 
have otherwise contributed to Mars’s growth, while 
Jupiter's gravity prevented another planet forming 
between Mars and Jupiter and instead left us with 
the asteroid belt. The northern hemisphere of Mars 
is significantly younger and lower in elevation than 
the southern hemisphere, which suggests that the 
planet was struck by a Pluto-sized object some time 
early in its lifetime. 

Mars is often referred to as something of a dead 
planet. Indeed, its lack of folded mountains - like 
those we have here on Earth - shows that it has no 
currently active plate tectonics, meaning that 
ers baolevamenley.¢(e(cner-bebelelmel-Banaie sem lelcones(= 
atmosphere to create a greenhouse effect. For this 
reason Mars is unable to retain much heat, witha 


1,500BC 
Egyptians refer to Mars as 
‘Horus of the Hawk’, a god 
with the head of a hawk. They 
note its retrograde motion, 


when it moves backwards in 
its orbit relative to Earth. 





surface temperature as low as -133°C at the poles in the 
winter, rising to 27°C on the day side of the planet 
during the summer. 

Despite this, the atmosphere of Mars offers 
conclusive evidence that it was once geographically 
active. The outer planets in the solar system have 
atmospheres composed of predominantly hydrogen 
EValomalseiesesmmelelmast-imey@\VE-bacRaeyelecdbelcae lm woke: baeleye 
dioxide, 2.7% nitrogen and 1.6% argon, with minimal 
traces of oxygen and water. This strongly suggests 
that volcanoes once erupted across its surface and 
S) olenicre Mel imersDaeleyemed(oy.¢(e(cmatbaselsyacisle(selacemeyi 
giant mountains, such as Olympus Mons, which 
appear to be dormant volcanoes. 

It might not be geologically active, but Mars does 
play host to some extreme weather conditions, most 
notably the appearance of dust devils. These 


1609 


Galileo Galilei uses a 
telescope to become the 
first to observe Mars. He’s 
later vilified by the Vatican 
for saying that the planets 
orbit the Sun and not Earth. 


350BC 


Aristotle proposes 

that Mars orbits at a further 
distance than the moon 
when he notes that the 
moon passes in front of 
Mars in his observations. 





el || 


Mars is tilted approximately 245 
degrees to its orbital plane, 
similar to that of Earth. 
Core 
The core of Marsis about 
1.480km (920 miles) in 
diameter, composed mostly 
of iron with 17% sulphur. 


bs ‘The structure of iMars 
suggests thati ‘itwas once. 
= Soe ae eames ctive 
than itis now, and the 
Pp resence of huge craters 
po intto Page imp ach in 
itse arly formation. 






a8) (2-4 


There isa large amount of water 
ice at the poles of Mars, in 
elelebia(eencor-ybAa-le)(cr-danlelbvelmeyi 


ites ite tit itel ent Melgeig es ao 


tornadoes, ten times larger than anything similar on 
Earth, can be several miles high and hundreds of 
metres wide, creating miniature lightning bolts as the 
dust and sand within become electrically charged. 
The wind inside one of these, though, is almost 
unnoticeable, as the atmospheric pressure on Mars is 
so low. Interestingly, one of the reasons for the long 
survival rate of NASA’s Mars rovers is that these dust 
devils have been cleaning their solar panels, allowing 
dalcjermcok-lovejaopenleacr-ieneleeaele 

Mars’s gravity is about 38% that of Earth, with just 
10% of the mass. The surface pressure is just over 100 
times weaker than ours at sea level, meaning thata 
human standing on the surface would see their blood 
instantly boil. The red colour on Mars’s surface is the 
result of rusting, due to iron present in the rocks and 
soil reacting with oxygen to produce an iron oxide. 


1666 


Astronomer Giovanni 
Cassini calculates the 
length of a Martian day, 
notes the polar ice caps and 
even calculates its distance 
from Earth. 


1840 


Astronomers Wilhelm Beer 
and Johann Heinrich Madler 
study Mars through a 
3.75-inch telescope and 
produce the first sketched 
map of its surface. 








Crust 
Meteorite impacts, volcanoes, 
erosion and the flow of the 
mantle have all contributed to 
dalebisclabicomel@ek@aticimaiuelaents 
Flee biasve)centesmerll(a-haatlace 


aire] atars 
The soft mantle made of silicates 

is less dense than the core andis 

thought to have once been active, 

much like that of Earth. 


| CKD 


The absence ofa magnetic field, 
and Mars’s low density, suggest 
detslmaelcpentcirclil(@aecorclmeatceelectat 
O)S\VEDesp pele abl cchdatclae)eerslagen 
However, the Mars Global 
Surveyor has detected traces of 
an ancient magnetic field. 


Size comparison 


Mars is approximately half the 
sizeof Earth, although both have 

roughly the samesurfaceé area of 
land (Mars has no oceans). 







In 1877 the American astronomer Asaph Hall, 
urged on by his wife, discovered that Mars had two 
moons orbiting so close that they were within the 
glare of the planet. They were named Phobos and 
Deimos, after the attendants of Ares in the Iliad. 
Interestingly, the moons are not spherical like most 
other moons; they are almost potato-shaped and 
only about ten miles wide at their longest axis, 
indicating that they are the fragments of the collision 
of larger objects near Mars billions of years ago. 
Phobos orbits Mars more than three times a day, 
while Deimos takes 30 hours. Phobos is gradually 
moving closer to Mars and will crash into the planet 
within 50 million years, a blink of an eye in 
astronomical terms. The moons have both been 
touted as a possible base, from which humans could 
observe and travel to Mars. # 
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Olympus Mons 

At25km (16 miles) in height and 
more than 500km (310 miles) in 
diameter, this extinct volcano is 
about two anda halftimes the 
size of Mount Everest, andis the 
largest known mountain inthe 
solar system. In fact, it’s so big 
you could fit the entire state of 
New Mexico inside it. 


Vastitas Borealis | 


Tharsis region 

This giant bulge is1okm (six 
miles) high and 4,000km 
(2,485 miles) long. Its 
presence indicates Mars 
may have been geologically 
active, allowing for features 
suchas this to form. 


Tharsis Montes 

These three giant shield volcanoes, 
Ascraeus Mons (top), Pavonis Mons 

(middle) and Arsia Mons (bottom) are about 
14.4km (nine miles) high and354-450km 
(220-280 miles) wide. Although smaller than 


Phoenix lander 


Olympus Mons, the Tharsis bulge they’re on 


means they rise toa similar elevation. 


Mars 3 lander crash site 






Valles Marineris 

Formed from shifting of the crustin ancient 
times, this system of valleys is as deep as 
10km (six miles) in some places and about 
4,000km (2,500 miles) long, about the 
distance from Philadelphia to San Diego. 


© NASA/JPL/MSSS 





‘Mars s gravity is about © 
38% of that of Earth, with 
just 10% of the mass" 






Take a virtual stroll around 
the red planet... 


lymp 1s Monsis the 


own mountain 


int rh esolarsystem 


South Pole 

Itis estimated that ifall 
the ice at the South Pole 
were to melt, the entire 
surface of Mars would 
be covered toa depth of 
11 metres (36 feet). 










Pan 229 million KM) pametcrO WAS an 
‘Aer 68 7 days ? Pera 24s 3/mins ARS -G3°C 





OF Jolabl diate mtalceiaatele(= 
This map of Mars was created by reconstructing data from NASA’s Mars Global 
Surveyor, the Mars Orbiter Laser Altimeter and observations by its Viking spacecraft 





— ——__$__— NASA’s rovers 
— have returned 
— thousands 
ofimages 


The ice cap on Mars’s North 
ete oeelelelelmescere)cenn 
680 miles) wide 





North Pole 

There is about1.6 million 
cubic km (1million cubic 
miles) of ice at the North 
Pole of Mars - that’s just 
over half the amount of 
ice in the Greenland ice 
sheet on Earth. 


—— a ae = Elysium Planitia 
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Spirit rover 
Sanity Mang Landing on 4 January 2004, NASA's first Mars Exploration Rover 


Wibesas” “eae. . "> 
287 explored various regions before becoming stuck in soil as it travelled 
; round an area knownas the Home Plate. However, since 22 March 
2010 all communication with the rover has been lost, and during 


May 2011 Spirit was finally declared dead. 


Beagle 2 crash site 








Opportunity rover : 
Landing exactly three weeks after its sister £ 
rover Spirit at Meridiani Planum, 
Opportunity is the longest-serving 
artificial object on Mars. It has provided 
unprecedented views of the Victoria crater, 
and is on its way to the Endeavour crater. 
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SW al-nere)(cRcosrlelaccinebace-Delemleyny Prantecje)itcvete 
pressure on Mars means that finding liquid 
water on its surface is highly improbable, as 
it would immediately freeze and then ' 
evaporate. While ice has been discovered at 
the poles, it is the search for liquid water that 
is the most important. Scientists have found 
life on Earthin many different 
environments, but none has been 
discovered in the absence of water. If there is 
liquid water on Mars, that means there 
could be life as well. 

In 2008, NASA’s Phoenix Marslander * 
provided proof that there was water beneath 
dalen-jbbetc(McauUelsepimelelce-Racselwen-belem 
observed that some materialsubsequently 
disappeared, suggesting that underground 


water was being vaporised as it was exposed > 


‘to the air. NASA’s Spirit rover gleaned one of 
the most conclusive pieces of evidence for 
water on Mars, after becoming stuck in soil 
in early 2009. Attempts to move the rover 
disturbed the ground and brought 
subsurface soil up to the surface, which 
suggested that water had moved 
downwards through the surface, 





Subsurface soil uncovered by NASA’s Spirit rover 
revealed the water-soluble mineral ferric sulphate, 
a sign of downward-flowing water 


With the window for launch to Mars 
occurring just once every two years, and 
with a journey time of about six months, 
ensuring the success ofa mission is 
vital. Take a look at eight of the most 
important successful and failed 


missions to the Red Planet 
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"If there is liquid water on 
Mars, that means.there 
could be life as well” 


Taken by ESA‘s Mars Express 
orbiter in 2005, thisimage 

shows residual water ice inan - 
Lbbaber-beelsreRenes 1-7 a0) 00\V(.) ¢: sn —a 
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How can the water flow on dats 
surface without boiling off it? 













, Steam 
clouds Vaporise 
[f liquid water were to flow on Mars’ssurface it 
LT é would immediately evaporate. However, this 
' etl OP vs , Semi- process cools the ground, letting water behind -. 
Ice barrier ut the flow freezeand forman ‘ice dam’. 
Woilte@hiiag 


Flood water 

Eventually the pressure in the dam would 
build tosuch an extent that it would break 
and send flood water rushing down the side 
ofa gully. This would explain the presence 
of water channels in gullies on Mars. 


Flyby: Success 
“““** Flyby: Failed 


Orbiter: Success 
“ee Orbiter: Failed 





This NASA spacecraft was 
the first to ever visit the 
WEVEaiUelaepiedCanaeyiatel 
1965, returning 22 close- 
up images. ***r***** 


Lander: Success 
Lander: Failed 
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Dubbed ‘Marsnik’ by the Western 
media, this unmanned Russian 
spacecraft was to be the first to 

Platcenle me Binieyaeadecpe)tclelciemelilt 
experienced a launch failure in1960. 
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Mars 2&3 
WWaleen aren (e(selalesd| 
spacecraft, 
consisting ofan 
orbiter and lander, 
were launcheda 
few days apart by 
the USSRin 1971. 
However, both 
EVels(aecplecimaevalrelal 
onthe surface. 
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1. Smart life 
The Viking 1 orbiter 
imaged an optical illusion 
that looked remarkably 
like a human face, many 
believing that it was an 
alien artefact. 


2. Spirit rover 


Artist’s impression 
This shows how Mars 
might look likeifitwas 
terraformed. Features 
suchas Valles Marineris 
are clearly visible. 


Greenhouse effect 
Alargevolume of liquid 
water could theoretically 
allowits atmosphere to 
resemble the greenhouse 
effect on Earth. 





bebe ylom\\ateya 4s) 
Viking1 became 
the first spacecraft 
to land on Mars 
and return images 


ofits surface. poe 


One of the problems with ahy manned 
mission ta Mars is the region of space 
the crew must traverse. To get to Mars 
with current technology would 
take about six months, anda 
human spacecraft would also 
need enough ftel to take off 


| subjected to. Outside 
} Earth’s magnetosphere 


of travelling sucha long 
distance. The Mars-500 
mission at the Russian 
Academy of Sciences is 
currently performing an 
experiment where a crew of 
volunteers have been placed inside a 





3. Mars 





This image of a vaguely e failures 
human-shaped rock SS As half of all missions to 
taken by the Spirit rover in ns Mars have failed, a 
2008 had many touting ‘ = > long-running joke within 
the discovery of alien life S55 NASA claims a ‘Galactic 
on Mars. SII Ghoul’ eats spacecraft. 





mock-up potential Mars spacecraft for 
640 days to simulate such a mission. All 
oyanbartebatlertalestseeriesle(-eastek-velaloictel 
environment have been givena 
20-minute delay, similar to what 
humans would experience if they were 
to travel to Mars. 


Wert eleR catiesncey -barer Currently, NASA and private 
» Another problem is the enterprises are stepping up efforts to 
§ amountofsolarradiation §gethumansto Mars bythe 2030s. 
» the crewwould be NASA's space shuttle replacement, the 


Orion spacecraft, has provisionally 
been tasked with taking humans to 


| (and with Mars not Mars by 2035, while private companies 
having one), there isa such as SpaceX (with its Dragon 
é high chance of . capsule) also hope to eventually reach 
— S, Beet lvecie Mars ata similar time. 
my ” * damage caused by the 
~s } Sun. There is thealso 
the added mental strain 
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I\\PANSY {V2 0) 0) oe) aabbeliniace\is ag ttels 
remained in operation since it 
landed on Mars on 25 January2004, : 


the longest surviving lander. oe 
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Contact was lost with the British lander 
six days after it separated from the 
ESA's Mars Express orbiter in 2003. 


Mars Reconnaissance Orbiter 
Launched in 2005 and still in operation 
today, NASA’s MRO has been imaging the 
planet from orbit to search for evidence 


of water onthe surface. «+++: 
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Lh. Ahhh 


It was launched to return data from 
the South Pole, but comms were lost 
when it failed to slowits descent in1999. 
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One of the two modified Boeing 
747s used to transport the space 
shuttles between the landing 
site and the launch complex 








“The program has experienced 
some significant successes as 
well as devastating losses 


Commemorating the space shuttle 
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The shuttle’s 
main parts 


At launch, the space shuttle system, or ‘stack’ 
comprises three main components: a black-and- 
white orbital vehicle (OV) containing payload and 
crew, as well as the space shuttle main engines 
(SSMEs) and orbital manoeuvring engines (OMEs), 
two white solid rocket boosters (SRBs) and an orange 
external tank (ET) carrying liquid fuel oxidiser and 
liquid hydrogen. 


iA 
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Orbiter Fuel tank 
The orbiter is the only The external fuel tank 
part of the space shuttle stores fuel for the orbiter’s 
system that actually main engines. It contains 
goes into space. It more than 700,000 
transports a crew of up kilograms of liquid oxygen 
to seven astronauts as and liquid hydrogen, 
well as payloads, separated into two 
including satellites, ISS separate tanks. The tankis 
components and insulated with foam to 
experiments. shield the fuels from heat. 


How the s 
shuttle wo 


April 2011 marked 30 years since NASA‘’s main 
spacecrait’s first mission. July 2011 marked its 
retirement. Take a look at this marvellous space 
machine and discover how it works 





In January 1972, the US president 
Richard Nixon announced a plan to 
create the first reusable spacecraft. Ten 
years later, on the 20th anniversary of 
the first human space flight, NASA had its first 
successful mission with the orbiter Columbia. This 
flight demonstrated that the space transportation 
system (STS) was viable. The space transportation 
system was designed by Maxime Faget, the same 
American engineer who designed all of NASA’s 
previous spacecraft systems. Since then the 
program had 135 launches, experiencing some 
significant successes, not to mention some 
devastating losses and setbacks. 

Although we think of the winged, plane-like 
spacecraft as the shuttle, itis actually the orbiting 
part of the entire space shuttle system. The 
spacecraft’s design came about in part because of 
the need fora large payload capacity, from which 
satellites could be deployed. Its unique design 
means that it launches and flies like a rocket, but 
lands like a plane. The orbiter and solid rocket 
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boosters are recovered and reused, making it more 


efficient than the previous spacecraft systems. 
Originally the first orbiter was going to be 
named the Constitution, but fans of the cult 
television show Star Trekstaged a write-in 
campaign and convinced NASA to change its 
name to that of the sci-fishow’s spaceship, the 


Enterprise. This orbiter was not designed to fly into 


space, but NASA intended to upgrade it to do so as 
needed after testing. However, enough significant 


design changes were made between test flights and 


the first fully functional launch to require the 
building of a new orbiter, the Columbia. The 
Enterprise is still on display at the United States 


National Air and Space Museum in Washington DC. 


NASA’s space shuttle programme ended in July 
2011. Potential replacement spacecraft, such as 
NASA’s Orion, are in progress with targets of 
completing a lunar mission by the early-2020s. 
However, with funding always a concern, there 
could still be a gap of several years before the US is 
fully re-engaged in space travel and exploration. 


Rocket boosters 


Thesolid rocket boosters 
provide nearly 75 per cent 
ofthe thrust required to lift 
the rest of the shuttle 
system off the launch pad. 
They havea jointed 
structure and contain solid 
rocket fuel, a catalyst, 
instruments, a parachute 
and explosive charges. 





NASA uses these tracked 
vehicles to move the space 
shuttle from the assembly 
building to the shuttle launch 
pad. They travel ona special 
pathway called the 
‘crawlerway’ and have been 
in use since 1965. Each 
crawler transporter weighs 
nearly3,000 tons. 


nicht 96M owmeter 9M mass 2,030metric tons 


SPEED 28,000km/ N Booster rarust 15 galoietelalanate)als 


The complexily built shuttle contains more than 375km of wire and more than 2.5 million individual parts 
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On the way down 


The space shuttle launch is a multi-step process that 
begins on the launch pad at the Kennedy Space 
Center in Cape Canaveral, Florida 

The first step of the launch is 
controlled by computers on the 
orbiter. They ignite the space 
shuttle main engines (SSME) one 
at atime, then fire the solid 
rocket boosters (SRB). As the 
shuttle begins its ascent, it rolls 
180° to the right. Once the shuttle 
reaches about 45km (28 miles), 
the SRBs then separate. They 
deploy parachutes and fall into 
the ocean for retrieval by ships. 
The space shuttle continues 
travelling horizontally towards 
Earth orbit. 

About five minutes into the 
flight, the SSMEs are turned off 
and the external tank is 
released. It typically burns up 
upon re-entry into the 
atmosphere, although small 
pieces may reach the ocean. 
Then the shuttle fires its orbital 
manoeuvring engines (OMEs) to 
orient it vertically and provide 
the final push into low Earth 
orbit. They fire again to get into 
orbit 400km (250 miles) above 
the Earth. The orbiter typically 
flies upside down and nose first. 
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First stage 

After two minutes, and when 
the shuttle has reached a 
height of 45km (28 miles), the 
exhausted rocket boosters 
are released and parachute 
into the Atlantic Ocean. 





Ascent 

The shuttle must accelerate 
from zero to about 
29,000km/h (18,000mph) to 
overcome Earth’s gravity 
and achieve orbit. 
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Before the orbiter can land, its crew must perform 
several operations for a safe and smooth re-entry 





When the orbiter ends a mission, 

the first step is to close the payload 
bay doors. Then the RCS thrusters 
are fired to turn the orbiter so that it 
is tail first. The pilot slows the orbiter 
down by firing the OMEs, then fires 
more RCS thrusters to orient itina 
nose-first position with its underside 
facing the atmosphere at an attitude 
of 40°. The forward RCS thrusters are 
fired to burn off any excess fuel, 
since the front of the orbiter 
encounters the most heat. 


Once itis inside Earth's 
atmosphere, the orbiter flies 
like an aeroplane via computer 
controls, making S-shaped turns to 
help slow it down as it approaches 
the runway. When the orbiter is 
about 40 kilometres (25 miles) from 
the runway and 600 metres (2,00oft) 
from the ground, the commander 
lines it up and pulls up the nose. He 
deploys the landing gearanda 
parachute to cause drag and 
eventually stop the orbiter. 


~~ Parachutes are used toslow 
the spacecraft from 350km/h 
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Second stage \ 
Eight anda half minutes \ 


after launch, the shuttle is 
travelling at 8km (5 miles) per 
second. Its engines shut m™ 
down and the orange < 
external fuel tankis 
released, burning up over 
the Pacific Ocean. 


te 


Descent 

Ata distance of 4okm (25 miles) 
thecommander glides the 
space shuttle in large S-banked 
turns to slow itdown, 
eventually hitting the runway 
almost seven times steeper 
thana commercial airliner. 
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Wave-like structures 
inthe clouds can be 
seen in Saturn’s 
atmosphere 


Oeligaivieicsats evexcvadavevel this gas 
giant, best known forits ring system 


We've been viewing Saturn with 
. % the naked eye since prehistoric 
times, but the planet’s most 
' unique feature -its ring system - 
wasn't discovered until 1610. Each ring 
contains billions of chunks of dust and water- 
ice. Saturn has about 14 major ring divisions, 
but there are also satellites and other 
structures within some of the rings and gaps. 
Saturn’s rings are believed to have come from 
id alcDaceetcDbelcnemaleleyatspmae)entsi acne) @0)e als) meleleb lars 
id atcime)ae)\comelepeemsetcme)t-belcimcr-1aeele je) slaaen 
The rings aren't the only fascinating thing 
about Saturn, however. This gas giant is less 
dense than any other planet in our solar 
system and has a mostly fluid structure. It 
radiates a massive amount of energy, thought 
to be the result of slow gravitational 


Rings in view 
Saturn takes 29.5 years to orbit the Sun, and it has an 
elliptical orbit like most planets. The closest Saturn / 


comes to the Sun is1.35 billion kilometres, while at its 
furthest, Saturn is 1.5 billion kilometres away. Saturn 
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compression. Saturn takes.about 29.5 years to 
revolve around the Sun, and its rotationisa 
bit more complex—differentprobeshave _ 
estimated different times, the latest estimate 
is ten hours, 32 minutes and 35 seconds. The 
ecb atclalovarsme)aelercle)avmar-\Ucece)enceapeeremeenele 
with irregularities in the planet’s radio 
waves, due to the similarities between its 
magnetic axis and its rotational axis. 

Saturn has a coldatmosphere comprising 
JE:\F(2) te Mel (o)bCelne)m oleae miccles color: bale 
ammonia-ice. It also has winds of up to1,800 
kilometres per second. Occasionally Saturn 
has storms on its surface, similar to those of 
Jupiter. One such storm is the Great White 
Spot, a massive storm in the planet’s northern 
hemisphere that has been observed about 
once every Saturnian year since 1876. @ 


North pole tilt 


The northern hemisphere 
is visible with the rings 
appearing below. 





- 
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has a tilt of 26.7 degrees relative to the orbital plane. 


During half ofits orbital period, the northern 
hemisphere is facing the Sun, while the southern 
hemisphere faces the Sun during the other half. 
When viewing Saturn from Earth, this impacts 
whether we can see the rings full-on or asa thin line. 
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Saturn has an elliptical 
orbit of 29.5 years. 
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“Each ring contains billions of chunks 
of dust and water-ice” 


Inside Saturn 


Saturn is believed to havea small rocky core witha 


temperature of more than 11,000°C. It is surrounded bya layer 
of gases and water, followed bya metallic liquid hydrogen and 
aviscous layer of liquid helium and hydrogen. Near 
the surface, the hydrogen and helium . 


a 


become gaseous. Saturn 
has no solid surface. 
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Inner layer 

_ This thickest layer 
is liquid hydrogen 
helium. 


and 
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Outer layer 

The out layer is gaseous 
hydrogen and helium, 
blending with its 
atmosphere. 


Both hemispheres 

| Both hemispheres are 
visible with the rings 
appearing as a thin line. 
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South pole tilt 

The southern hemisphere is visible 
from Earth with the rings above. 



















Discovering the rings 

Galileo thought that he was seeing moons orbiting Saturn instead of rings 
because his telescope was not powerful enough. Astronomer Christiaan 
Huygens observed the rings in 1655, but thought they were a single ring. 





















Extreme bulge 


Saturn isan extreme example ofan 
oblate spheroid - the difference between 
the radius of the planet atits poles and at 
its circumference is about ten per cent. 
This is due to its very short rotational 
period of just over ten hours. 


Cassini probe 

The first spacecraft to ever orbit Saturn, 
the Cassini probe has provided incredible 
images of the planet and its ring system. 
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The inner core is likely . 
very small and contains 


~ > 
soap ne Float that planet 
: If we had a big enough pond, we could float Saturn on its surface. Although 
Saturn is the second-largest planet as well as the second-most massive, it’s 
the least-dense planet in our solar system. Its ace is just 0.687 grams per 
fabloy (okay aintes(sjaccMe-loleeimeyalsmc-veldet-tXs (-velice-tkejerm@e)cvelce-belehaniomeenncetst-ts 
dense as water. , 














Outer core 


Saturn’s outer core is 
much thicker than its 
inner core, containing 
metallic liquid hydrogen. 


An artist’s impression of 
Saturn’s ring particles 


© DK Images 
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‘If the Milky Way collided with the 
nearby Andromeda galaxy, we would 


barely notice a thing on Earth” 





NASA's Hubble Space Telescope took this 
image of the Antennae galaxies, which began 
colliding a few hundred million years ago 


Joining forces 


© ESA/ NASA 
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galaxies collide? 


When two galaxies 
cross paths, the 

(el ateDelecne)e-De\acit} as) 
colliding is almost 
zero. In fact, if the Milky Way 
collided with the nearby 
Andromeda galaxy, we would 
barely notice a thing on Earth. 
Delsiccrs(e ud elcpenlblimiaule(cme)meletcim- Dele! 
gas in each galaxy interacts and 
creates the characteristic 
spectacle. As the material in the 
stars interacts gravitationally, 
newly formed gas clouds give 
birth to stars. Friction between 
the gases can cause numerous 
shock waves, which also become 


aa 


instrumental in the formation of 


new stars. 

Colliding galaxies usually take 
millions or even billions of years 
to merge. As they collide, tidal 
gravitational forces will rip the 
smaller of the two galaxies apart, 
scattering dust and stars. The 
inner core of the collision will 
Jalarsimeloksbelemc-(ebtcltct-ince)ersd hia 
creating one of the brightest 
infrared objects in space. In this 
instance the larger galaxy will 
swallow the smaller one, but on 
some occasions the galaxies may 
pass through each other and 
emerge almost unharmed. # 


How galaxy collisions 
work, step by step 


1. First contact 


The first signs of a galaxy collision 
will be a bridge of matter 
between the two, caused by 
gravitational forces. 


2. Tidal tails 


Long streams of gas and dust 
known as tidal tails spiral out of 
the collision as the material is 
thrown out. 


3. Ripped apart 
Gravitational forces pull the 
matter in all directions, creating 
shock waves throughout the 
cloud of gas. 


© images x 4 ESA/ NASA 


4. A star is born 


The core of the collision is 
subjected to intense frictional and 
gravitational forces, resulting in 
the formation of massive stars. 





Head 


to Head 


EXPLOSIONS IN 
THE UNIVERSE 
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2. Stellar 
quake 

Stellar quakes more than 
10,000 times weaker than 
a gamma-ray burst are 
described as soft gamma- 
ray emissions. 


1. Supernova 
Over the course of 
just a few weeks a 
supernova will emit 

as much energy as 
the Sun in its 10 billion 
year lifetime. 


tella 


quak 


giant explosions 
universe? 
Atthe heart ofastellar quakeisa 
@. dense mass of protons and 

= electrons that have been forced 
have up to five times the mass of the Sun but 
are only about 20 kilometres (12.4 miles) in 
rotations per second, but their strong 
magnetic fields cause them to slow down 
of a neutron star is 1,122 rotations per second. 

As they rotate, the incredibly strong 

spin of the star. The former attempts to draw 
in the equator, while the centrifugal forces 
the equator out. This changes its shape from 
an oblong to asphere, cracking the rigid iron 
begin to appear across the surface as the 
tension builds. 
reaches such a level that the crust ‘snaps’ 
anda huge number of gamma-rays and 
geometry of the star readjusts, the strong 
magnetic fields temporarily drop to a lower 
released from inside the star, this creates 
one of the largest known flashes of x-rays in 


that rock the 
neutron star, which hasa highly 

together to form neutrons. Neutron stars 
diameter. They spin on average at 400 
over time. The highest observed spin speed 
gravitational force of the star counteracts the 
resulting from the spin ofthe star try to push 
crust. Mountains only a few centimetres tall 

Eventually, the tension in the surface 
x-rays are released as a stellar quake. As the 
energy level. Combined with the energy 
the universe. 


Magnetars 


Ny 
27 December 2004 saw a neutron star 


ite Dccpejekcioneyat-selan@ime)beste(-k-10meel= 
x-ray satellites in space for an instant 


‘> ° 4 * 
Cassiopeia Aya supernovarenmant 


in the constellation Cassiopeia®™ Observatory ofa giant eruption 


Recent evidence suggests the primary causes of the largest stellar 
quakes are magnetars, large neutron stars with an incredibly 
powerful magnetic field. At twice the size ofa regular neutron 
Star, a magnetar can have up to 30 times more mass than the Sun, 
despite the Sun being 46,000 times larger. A tablespoon of mass 
from a magnetar would weigh the same as 274 Empire State 
buildings. The magnetic field of a magnetar is several trillion 
times stronger than that of Earth while its rigid crust is 10 billion 
times stronger than steel and 1.5km (0.9 miles) thick. 


An image taken by the Chandra 


BIGGEST 


3. Gamma- 

ray burst 

As astar goes supernova, 
a gamma-ray burst 
releases as much energy 
in a second as the Sun in 
its entire lifetime. 


DID YOU 
KNOW? 


A massive stellar 
quake was detected 
50,000 light years 
from Earth on 

27 December 2004, 
the biggest explosion 
observed by humans 
since a Supernova in 
1604. Scientists said 
detclmimim@er-lemels cele 
light years closer, we 
would have been 
facing amass 
extinction. 
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Earth astronomy 
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view of the universe from Earth 


High in the Chilean Andes on the 
Chajnantor plain, 5,000om 
(16,400ft) above sea level, an array 
of radio telescopes known as the 
Atacama Large Millimeter Array (ALMA) is 
under construction, which will provide us 
with one of the clearest views of the universe 
yet. Once completed there will be 66 
antennas trained at the sky, working in 
tandem with one another to observe the 
cosmos, the largest and most expensive 
ground-based telescope in history. 

The truly remarkable aspect of this $13bn 
telescope group -a partnership between 
scientific teams across the world -is thata 
giant vehicle known as the ALMA 
Transporter can individually move each 
12-metre wide antenna. This means the 
spread of the telescopes can range from just 
150m to more than 18km (492ft to 11 miles), 
providing varying levels of resolution to 
observe different parts of the universe. Once 
completed in 2013, ALMA will be ten times 
more powerful than the Hubble Space 
Telescope. Normally, ground-based 
telescopes cannot compare to space 
telescopes, the latter of which do not have 
their view obstructed by the Earth’s 
atmosphere. However, the huge scale of the 
ALMAarray, coupled with its height above 
sea level where the atmosphere is thinner, 
will allow ground-based telescopes to match 
their space-faring brothers. 
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Inside ALMA 


How the telescopes apply interferometry to 
provide a clear view of the universe 


Incoming signal 
Each antenna collects 
light froma specific 
source inthe sky and 
focuses itintoasingle 
analogue signal to 

be transmitted. 
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15km (93 miles) of fibre-optic cables 
(ce) (clog delexettealatnemeritcBiceerkarclaet 
satellite and transportittoa 
correlator in the central building. 


Digitised 

The front end, cryogenically 
cooled to-269.15°C, amplifies 
the analogue signal before it 
is digitised at the back end. 


ei Back end 
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ALMAwill be used to study 
stars and galaxies thatare 
billions of years old 





ALMA 

All 66antennas are aimed 
simultaneously atthe same 
region of sky, toensure they 


capturethesame 
astronomicsignal. 


Correlator 

The signal from each 
antennais correlated bya 
supercomputer, to 
produce useful and visual 
data on the cosmic body 
that has been observed. — 











DID YOU 
KNOW? 
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TheESAandNASA’s : 

Ulysses spagecraft # 

unexpectedlystumbled | . 
" across a gomet tail \ : 







What's trailing behind and in front of these 
rocks as they hurtle through space? 


Comets are small, icy bodies in orbit around the Sun 

surrounded by a gaseous coma that consists of 

water, carbon dioxide and other gases. The most 

noticeable features of a comet are its tails, with most 
having two, a dust and ion tail. Both tails point away from the 
Sun at varying angles due to the solar wind, regardless of the 
comet’s directions. 

The dust tail ofa comet appears whitish-yellow, because its 
microscopic dust particles reflect sunlight. Itis anywhere from 
1to 10 million km (600,000 to 6 million miles) in length, pushed 
out from the comet by the solar wind and curving slightly 
because of the comet’s orbit around the Sun. The other tail, 
knownas the plasma orion tail, is composed of charged gases 
(ions) such as carbon monoxide, and stretches as far as 
160 million km (100 million miles) from the comet. The solar 
wind also pushes this tail away, but it is largely unaffected by 
the comet'’s orbit. This means that when the comet approaches 
the Sun the tail runs behind it, but when the comet moves away 
from the Sun, the ion tail leads in front of the comet. 


Solar wind 

Both tails are 
affected by the solar 
wind and thus always 
point away from the 
Sun, regardless of the 
comet's direction. 


Blue 

The ion tall appears 
blue because the 
solar wind makes the 
ror-|aelelanaarelacey die (=) 
ions fluoresce. 


Orbit 


Three’s a crowd 


Hale-Bopp is the only comet observed to havea third tail, made of 


sodium. This faint tail extends 50 million km (31 million miles) behind the 


comet in between the dust and ion tail, yet the cause of itis unknown. 


What happens to a comet as 
it's in orbit around the Sun? 


© 


The claser the comet gets to the Sun 
the further its tails extend, as the 
solar wind is more forceful. 
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This photograph of Halley's 
comet was taken in1910 


lon tail 
Ultraviolet 
radiation blows 
electrons off 
particles in the 
coma of the 
comet, to form 
the ion tail. 


Oem 


q eiSar) 
| The smoke-like 
particles of the dust tail 


always drift away from 
the Sun, but are curved 
towards the orbital 
path of the comet. 
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“50 moons to date are known 
to orbit the gas giant” 





When Galileo Galilei discovered 
Jupiter in 1610, itis doubtful that 
he was aware of the impact this 
giant planet had on the 
surrounding solar system. From altering the 
evolution of Mars to preventing the 
formation ofa ninth planet, the size and 
mass of Jupiter has seen it exert an influence 
on its neighbours second only to the Sun. 

Jupiter’s mass and composition almost 
more closely resemble a star thana planet, 
and in fact ifit was 80 times more massive it 
would be classified as the former. It can 
virtually be regarded as being the centre of 
its own miniature solar system: 50 moons to 
date are known to orbit this gas giant, with 
the four largest (lo, Europa, Ganymede and 
Callisto, the Galilean satellites) each 
surpassing Pluto in size. 

The comparison of Jupiter to astar owesa 
lot to the fact that it is composed almost 
entirely of gas. It has a large number of 
ammonia-based clouds floating above water 
vapour, with strong east-west winds in the 
upper atmosphere pulling these climate 
features into dark and light stripes. The 
majority of its atmosphere, however, is made 
up of hydrogen and helium. 

The strength of Jupiter's gravity is such 
that itis held responsible for much of the 
development of nearby celestial bodies. The 
gravitational force of the gas giant is believed 
to have stunted the growth of Mars, 
consuming material that would have 
contributed to its size. Italso prevented a 
new planet forming between these two and 
instead gave rise to the asteroid belt. 

Much of our knowledge of Jupiter comes 
from seven spacecraft missions to visit the 
planet, starting with NASA’s Pioneer 10 in 
1973. The only man-made object to orbit the 
planet is the Galileo spacecraft, which 
studied the planet from 1995 until 2003, when 
it was sent crashing into Jupiter so as not to 
contaminate its moons with the debris. 
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Jupiter’s diameter is 11 times that of 
Earth, and 318 times the mass 


als 
STATIS 


JUPITER 


'DID)\YOU;/ KNOW 


Magnetic field 

The magnetic field of Jupiter is 20,000 
times stronger than Earth’s, 
containing a huge number of charged 
particles that contribute to giant 


Metallic hydrogen auroras at its north and south poles. 


Athird of the way into the planet 
can be found hydrogen gas that 
has been compressed intoa 
metallicand electrically 
conducting liquid. 




















Atmosphere — Darna 
The large majority of the poaciite site oe: 
atmosphere is composed of magnetosphere | the 
hydrogen and helium gas, influence of its magnetic 
directly observed by the Galileo field) stretches more 
space probe that pierced its than 1 billion kilometres 
= enc nena (600 million miles) away 


from theSun, out to the 
orbit of Saturn. 


Molecular 
hydrogen 





Core 
Atthe core of jupiter is 
an Earth-sized rock, 


eVidetelpredemsavtcperstspele)t 

been directly 

observed as itis 

almost impossible to 

see through the thick 

atmosphere. Ring structure 
The rings consist of a main, flat ring 

and an inner cloud-likering, known as 

ahalo, with both made from small, 

Aurora dark particles kicked up by meteorites 

An intense radiation hitting Jupiter's moons. 

belt of electrons and 

ions are trapped by 


Rings 

NASA’s deep-space Voyager 1spacecraft surprised 
astronomers in 1979 when it found rings encircling 
ibievics am Ualcpatetuct-beode el \vavtyle)cpleecieieleraele 


Jupiter’s magnetic field, 
influencing Jupiter's 
rings and its 

ithe celenelenterspenlele)etce 
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The auroras at Jupiter’s poles 
are bigger than Earth 


Jupiter's faint ring system was the third 
to be discovered in the solar system 
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Jupiter 


prey four 
argest moons 
are known as 
the Galilean 
satellites, name 
after their 
discoverer 
Galileo Galilei 
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The Great 
Red Spot 


One of Jupiter’s most iconic features is the 
Great Red Spot, astorm more than twice the 
size of Earth that has been raging for 
hundreds of years. The redness is believed to 
be the result of compounds being brought up 
from deeper inside Jupiter, which turn brown 
and red upon exposure to the Sun. Although 
once highly elliptical in shape, it has become 
squashed in recent years for unknown 
reasons and is expected to become circular 
other the next few decades, although this 
anti-cyclonic storm shows no sign of dying out 
any time soon. 
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Explore the miracle of ™ 
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— It’sone of about 100 billion other 


~ 
© galaxies i in the universe, butit’s 


our home —join us as we explore Gj = 


pte = ed Way 
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Are —aimcm 4 —rRroaol rm » fan — 
According to Greek mythology, 


The Milky Way is our galaxy, home 
to oursolar system. It formeda 
little more than 13 billion years 
ago, just a few billion years after 
the Big Bang. The galaxy is estimated to be 
about 100,000 light years in diameter and 1,000 
light years thick. Itis part of asystem of 50 
galaxies knownas the Local Group, whichis 
part of the Virgo Supercluster. Containing as 
many as 50 billion planets and 400 billion 
stars, the Milky Way isa spiral galaxy. Ithasa 
centre known asa ‘bulge’, surrounded bya flat 
disk comprising several loose arms that 
contain stars and their orbiting bodies, as well 
as gases and dust. The centre contains a 
massive black hole and a complex radio source 
known as ‘Sagittarius A’. Around the outside of 
the Milky Way there isa halo containing dark 
matter and avery small percentage of the 
galaxy’s total number of stars. Some 
astronomers believe that the Milky Way is 
actually a special type of spiral galaxy 
called a barred spiral, meaning thatit hasa 
bar-shaped distribution of stars running 
across its centre. 

Aristotle first wrote of the Milky Way inthe 
mid-300s BCE. He broke with other Greek 
philosophers, who believed that the milky 
streak in the sky might be stars. Aristotle 
thought that it was a sort of fiery emission 
coming froma cluster of very large stars, and 
that it resided in the Earth’s atmosphere. 
Astronomers continued to speculate about the 
true nature of the Milky Way, until Galileo 
determined in 1610 that it comprised a massive 
number of stars. In 1755 Immanuel Kant 
realised that the Milky Way rotated and was 
held together by gravity. 30 years later, 
William Herschel attempted to depict the 
shape of the Milky Way and the Sun’s location 
init by counting and recording the position of 
visible stars. Finally Edwin Hubble 
determined in the Twenties that there were 
nebulae beyond the Milky Way, proving 







































the Milky Way 


Bulge 

The bulge at the centre contains 
globular clusters and old, red 

ies becd (esti (semele)e)bir-lale ene! 
objects). Itis between 70,000 and 
sTorenerelesidelayaclesieleliaiae 
Astronomers believe that there is 
a massive black hole at the very 
centre, including a complex 
radio source called Sagittarius A. 
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Disk 


that rotates. The disk is made up of spiral arms (at least 
four and possibly six) which contain somewhere 
between 200 and 400 million relatively young stars. It 
also contains star clusters, nebulae and matter that 
will eventually give birth to more stars. 


Structure of Sun 









Most of the Milky Way comprises a large, flattened disk Sagittarius Arm 
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the Milky Way was formed when Hera spilt milk while breastf« 





3.5 billion years 
First life 


The first examples of life on 
/Hcladeweta\Ucdelacepiejeleteelensel= 
form of fossilised microbes. 






Timeline of the universe 


5-7 million years 













Rise of man sa 

~ / Th dated to3.5 bill 
Scientists believe that man probably branched off from the at billion ye Z ee a 
ancestor that we share with the apes about this time. From there, : 4 : ake aa crear 
different sub-species evolved over hundreds of thousands of although single-cell organisms 
years. Homo sapiens evolved somewhere between 250,000 and » probably existed earlier. 





400,00 years ago. 
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13.2 billion years 
Milky Way 


Our galaxy was one of billions of 
other galaxies formingin the 
universe. Today it is considered 
part of the Local Group, about 50 
galaxies that are gravitationally 
situated between the Milky Way 
and Andromeda galaxies. 





4.6 billion years 
Solar system 


PANicsadslerae)itclecceeseatclel@ente)(ccmel tava 
cloud, our Sun formed in the Orion arm of 
the Milky Way. It’sjust one of100 billion 
other stars in the galaxy. Eventually 
other matter from the collapse formed 
into what we call planets, asteroids, and 
other objects in space. 












13.7 billion years 
The Big Bang 13.5 billion years 
The prevailing theory about the origin of Galaxy clusters 


our universe begins with the Big Bang 
-an explosion in our once-infinite 
universe that resulted in previously 
contained matter and energy expanding 
fe) blanvctcelcectelepelliverss-jerc(ace 


Gravity from the Big Bang made hydrogen 
vateWatceiereene (elelelce-jevabelc@nelcenuyclecaeerelt 
were millions of lightyears across, with large 
open spaces between each one. Galaxies 
formed within these clusters of clouds. 


Halo 

The Milky Way hasa halo 
surrounding it thatis about 
200,000 light years in diameter. 
WWatepetel(ekaeyeleclietstercleceertelacaa-tele| 
nearly 150 globular clusters 

(exe) U(=Yei aCe) etoxe)eie-becpaeleclaterss 
around a core), many of which are 
~ rotatingin the opposite direction 
> tothe Milky Way. It also contains 


Orion Arm 
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some of the oldest starsin 
the universe. 


Perseus Arm 







Scutum-Centaurus Arm 


Cygnus Arm 


© NASA 
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"For all our observations, the Milky PR 
Way remains a mystery'to us" * - 7) 











that there were other galaxies in the 
universe. Hubble is also responsible for 
coming up with the classification system for 


Journey through the galaxy 
galaxies that we use today, which includes 


A C E 
spiral, elliptical and irregular galaxies. 
For all our observations, the Milky Way is 
still mysterious. Determining its actual size 
and our location init has been difficult; 


. 
Herschel and astronomers before him 


me me 
i = a > 
believed that our solar system was inits centre 


because of the apparently equal distribution ike take a journey fr om Earth 0} bim ol=atcey are! dats 
lifferentindirectmethodshavebeen usedto  MCL@LAeROVMU Nem \VETICQVANIVE NAN V0)0I (oN el CoM acs AV a) 
mcudesucingtheperioduminostyrettion eUieebetceney mm ale)Uiss-elelsze)O bi -4elm/(=- bes 

of certain stars. The luminosity, or brightness 


ofsome stars pulse ina predictable pattern, 
which can be measured along with its 

















Comet C/2001 Q4 (NEAT) 







: ; ; isone of many Vs PP) Tfelays years qnoeocococoeubeosoccescosessonsenebepecooooesooores 
apparent magnitude to estimate distance. In originating from the 
the early-20th Century, an astronomer named Oort cloud Nearest stars 


HAHGWy SHAD ION TIBEG Hone UF inBse Aside from the Sun, the nearest star to Earthis 
picy the red dwarf Proxima Centauri. Part of the 


measurements to extrapolate the distances of three-star Alpha Centauri system, it’s slightly 
globular clusters outside the Milky Way. closer to Earth than the more visible Alpha 
This showed that the Sun was notat the centre S Centauri Aand B. Sirius, the brightest star in 
of the galaxy and provided a rough (although = thenightsky, is8.6lightyears. 

inaccurate) estimate of the Milky Way’s -_ : 

diameter. Today we can map the galaxy 6 HDilliION KHOMETIES «--r+nrnnnneenrnee errr x 

using telescopes that pick up light and radio Oort Cloud and Kuiper Belt 


waves emitted by gases and molecules floating The next major objects are the Oort Cloud and “4 P 
ins the Kuiper Belt. The Oort Cloud isa cloud of *., Ps 
pace. ; - _ 
The Milky Wavisn’ ic obi h comets believed to be the source of many of a i 
CMISY Way SSO ject ~the the comets in our solar system. The Kuiper awe 
arms rotate about the centre, and itis also : Belt is an area of the solar system containing cf 
moving in the direction ofa large gravitational = dwarf planets and other small astral bodies. : 
anomaly known as the Great Attractor. Our P ge * 


galaxy also has its own orbiting galaxies. The 
two largest of these galaxies, the Small —_ . Poi it 
Magellanic Cloud and the Large Magellanic AO Million Kilometres ------rrrerrrereneneenveeenvneneenensennnennnenennenanennnns er, 

Cloud, create a vibrational warp in the Milky Other planets and Sun ; 


Way’s disk as they orbit, due to the presence of We'll have to travel tens of millions 
Aaderantter of kilometres before coming upon 


; id elexelselsyme)tcbelcecneetcim-jerebesneloig 
Because of light and other types of solar system. At nearly 40 million 


atmospheric pollution, it’s difficult to view the kilometres away at the closest point 
Milky Way from Earth with the naked eye - inits orbit, Venusis our nearest 
indeed, it’s best viewed in very rural areas Parte lane eee 
under clear skies - and it also looks like a faint | Neptune, we'reabout4.4 billion 
milky band of clouds stretching across the Q kilometres away. 

night sky. Light pollution maps are available 


online, and local astronomy clubs can help 





locate the best place to go. “e, 
; : ~ 
mt 7 “-- 643,737 kilometres a 
A digital composite of . 
the Milky Way's disk | Near-Earth asteroids 





Osta ibesia-j(e)operstmselepenleleeR ell oneler-Rursiace) 
our near-Earth asteroids. There are at least 
7,000 of these small rocky, metallic objects. 
They can be up to32 kilometres in diameter. 
Compared to the lifetime of other objects in 
. the galaxy, these asteroids have life spans of 
> justa few million years. 


over Tenerife 








© Juan Carlos Casado 


2. Spiral 
galaxies 

Our Milky Way is an 
average-sized spiral, but 
others such as UGC 2885 
can be more than 800,000 
light years across. 


1. Irregular 
galaxies 

The smallest types of 
galaxies are irregular, 
including compact dwarf 


irregulars that are as small 
as 200 light years across. 
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300 light years == Quasars contain the 
Neighbour stars mass of overa 
Once we get 100 light years away million stars 
from the Earth, we're nearing 
the outer edges of the Milly Way. 
Some of the better-known stars 
past this distance include 
Canopusatmorethan3oolight =: 
years away and Betelgeuse at 
about 640 light years away. ; 
om aa 3 billion light years 
oe =) Distant quasars and galaxies 
ie. . 53 Quasars are the most distant visible objects in 
Pd | the universe; the closest one is about3 billion 
‘4 light years away and the furthest is nearly 13 
#* ; wy . billion light years away. Thatmeans that on 
rorseseseetieseasoti ge } 72. Earth we see this distant quasar, named 
- Ss. ae . CFHQS J2329-0301, less than1 billion years 
i ~, ; after the Big Bang. 
. ; : 
| a | | meee 
os : 3 a epee “= 300 million light years 
e | Galaxy groups and galaxy clusters 
Pa : The further we get, the greater the leaps in distance. 
Ps Now we encounter groups of galaxies and other 
- Pea massive structures. The Great, or Coma Wall, isa 
Ps oa super-structure filling large spatial voids in the 
Ps ? | universe. It contains superclusters of galaxies and 
: a | has dimensions of more than 500 million lightyears 
long and 300 million lightyears wide. 
eeerereeerenonees Pron 0) 018) Tfelale years 
3 Nearby galaxies 
Rai, : Now we're beyond the Milky Way, visiting other galaxies. There's 
1,000 light a a dwarf galaxy knownas Canis Major being consumed by the 
Milky Way Milky Way right now, 25,000 light years away. The closest galaxy 


The edge of the Milky Way is about 
1,000 light years away from Earth. 
Keep in mind that our solar system is 
already on the outer edges ofthe 
Milky Way itself, about 28,000 light 
years from its centre. 


outside the Milky Way is the Sagittarius Dwarf elliptical galaxy, 
70,000 light years from Earth. 


3. Elliptical 
galaxies 

The biggest galaxies, 
ellipticals can be up to 100 
kiloparsecs across and may 
form when two smaller 
galaxies collide. 


Galaxy on 
the ais 


The spinning galaxy rotates 
differentially (the closer to the centre 
an objectis, the less time it takes to 
complete an orbit). The Sun travels 
around the galactic centre at 
slolemelele)essrpenLielenelelejenieel mrs tceners 
225 million years to make one orbit. 

The galaxy rotates differentially, 
which means that objects closer to its 
core orbit the core faster than the stars 
in the arms of the galaxy. The Milky 
NEM a celtclencesim-lelelelmyle)cesrmelae 
second. Our solar system, located 
around 30,000 light years away from 
the galactic core, completes an orbit 
once every 225 million years. The 
Milky Way is also moving through 
space at about 630km per second, 
relative to the cosmic background 
radiation - the Big Bang’s remnants. It 
moves in the direction ofa 
gravitational anomaly in the universe, 
known as the Great Attractor. 


When galaxies 
collide 


Astronomers are predicting that in 
about3 to 5 billion years, the 
Andromeda galaxy may collide with 
the Milky Way. The violent crash will 
result in a blob-like elliptical galaxy, 
dubbed ‘Milkomeda’. Currently 
Andromeda is about 2.5 million light 
years from the Milky Way, butitis 
moving towards our galaxy atiz0okm 
per second. The possibility of stars and 
planets within the galaxies actually 
colliding is highly unlikely, but the 
different gravitational fields will jostle 
delsveeMelbime)Mae(obm@elubaqselmele-laleermelene 
solar system could even be ejected 

lbh beremeelenee) tbr) (eemmolbimeat-ime)aeley-le)\y 
wouldn't affect the planets much. By 
the time of the proposed collision, 
eVaseniallmeyaeles-le)yia-Ieaslehmelene(-aels 
of life due to the Sun’s increasing heat. 





Galaxy collisions can be less 
dramatic than they sound 
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300mph cars 
The super- 
powerful motors 
at the pinnacle 
of engineering 
excellence 


19 Canal locks 
How do they bring the water 


up to meet your barge? 
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Ship stabilisers 
How do these 
devices keep boats 
afloat and steady in 
rough seas? 





Fuel injection 

The computer-controlled fuel 
systems that power the motor 
cars of today 


Helicopters 
Discover the science 
keeping these 


versatile bladed 
aircraft airborne 





Superbikes 

How do these two-wheeled 
road hogs achieve such 
awesome speeds? 
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Concrete mixers 
The two-in-one 
vehicle that performs 
its function while 
still on the go 
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Helicopters 











Superbikes 
Automatic Airfix aircraft 
19 transmission Take a look at some 
There’s no need to change iconic aircraft that 
gear with an automatic, but are also available 
how is it possible? as Airfix model kits 
Car steering 20 Battle tanks 
Discover the Find out what powerful 
fundamentals of tech is lurking inside 
how acarmakesa today’s modern tanks 
perfect turn ; 
Cruise control 
20 Reconnaissance drones How cana car 
The unmanned aircraft that drive itself and 
are capable of venturing regulate its own 
where no man can speed too? 
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Extreme vehicles 


208 Finaon 
Find out how electronic 


bicycles are powered as we 
take a look at the latest in 
bike technology 
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Shock 
absorbers 

How this 
suspension system 
can make your 
ride a lot smoother 





Traffic jams 
Understand the tail backs 
that appear from nowhere 


Future vehicles 
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Hoverc 
Solar-powered 
p 10 vehicles 
How to use the Sun’s 
energy to powera 
host of vehicles 


Internal combustion 
engines 

Inside the most enduring 
engine design ever 


Aerobatic 
M4 16 displays 
How aerial display 


teams can perform 
with such supreme 
precision? 
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Autopilot 

This ingenious 
flight management 
system explained 





Hovercraft 

How can a vehicle travel 
over both the land and the 
ocean waves effortlessly? 


Landing a plane 
yA | Discover how 
a pilot bringsa 


plane down to the 
ground safely with 
our feature 
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Hyperfast production venicies 


DO mph 
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Get the 
inside 
line on three 

of the fastest 
road cars in the 
world — the tech, the 
design and those all- 
important top speeds 


Forsome, onlythe mostextremewilldo. _thespecofthe glassin the windows has been made Visually, hypercars are unmistakable. They 
- Hypercars are for these people. A to help achieve that top speed. contrast with cars built for handling, which generate 
‘ hypercar may never even travel at half Cars are usually built bysmaller companies, often downforceto keep them stuck to the ground in 
its ultimate speed — but the knowledge highly specialised unknowns. The market for these corners. This is why Formula 1 cars have huge rear 
that it can do it is enough. The trick for the makers is models is limited and big-brand makers struggle to wings, for example. If speed is a priority, these wings 
to make sure they candoit...and geta placeinthe make a business case for them. The compromises become surplus: getting a low aerodynamic drag 
record books to prove it. that very high top speeds impose make the models factor is vital. This is the coefficient of drag (Cd). As 
Such cars cannot be developed like normal less useable in daily conditions than the more such, hypercars generally have smooth surfaces and 
models. Road cars havea diverse set of rounded supercars — hypercars really are just that. gently rounded edges for good Cd figures: picture the 
requirements, and even fast Ferraris must also carry 15 years ago, 200omph wasa massive, headline- profile of a water drop. This is also why they often 
luggage, have long service intervals and be easy to grabbing deal. Today, well in excess of 250 miles per have long but sharply cut-off tails: the ‘wake’ of air 
drive in city centres. Not so for hypercars. There, the houris a prerequisite. Future cars must have must be as small as physically possible. 
main focus is top speed, with every engineering 300mph asa target. Sucha high speed will require Similarly, the frontal area should be minimised, 
decision being made with this in mind. big developments in technologies such as tyres and which means getting it low to the ground. Theair 
It’s why the cars are so very different to all others brakes, driveshafts and wheel bearings, even body drag index is actually a function of Cd and frontal 
-—and this is what people are so keen to buy into. materials that have to deal with such aerodynamic area: if both are low, the car will be very 
Every component, every suspension change, even loads. But relentless progress means they'll come. aerodynamic- but even alow and lean front end 
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McLaren Fl Ferrari F40 AC Cobra Bloodhound SSC Koenigsegs CCR 


240mph/627hp 200mph/471hp 186mph/485hp 1,000mph/>130,000hp 24imp 
To protect the carbon fibre This Eighties supercar remains Legend has it, the AC achieved The jet-and-rocket engined This Swedish supercar broke 
body of the McLaren F1, the a legend over 20 years since this serious speed in 1964 - on land speed world record the production car world 
engine bay is actually lined in its launch. The F40 held the the M1 motorway. It’s said that challenger is aiming for speed record set by the 
gold foil, as it’s the best road car world top speed this led to the introduction of 1,000mph. Trial runs are due McLaren Fl thanks toa 
reflector of heat... record between 1987-1989. UK speed limits... either late-2011/early-2012. supercharged V8 engine. 
The material of choice for hypercars, carbon fibre was invented in 1958 


won't make a car sleek if the rest of it hasn’t 
been thought through properly. 

Impressive power is essential. Whereas 
road cars have power figures in the hundreds, 


The statistics... 





SSC is an American company that has already-loaded suspension can be less 
nye Gh askaouas —— PUTRE thus NGS: long punched well above its weight. unsettled by sudden road impacts. 
iS Vir gta ee ee Despite being a relative unknown, it has The V8 engine is made froma single 
ss ee ge AneE aes ee Ae taken onallcomersinthehypercararena piece ofbilletaluminium. Thisis 
quae do loads Hse atspeed, Dig eee —and, until recently, won through. Till stronger than cast aluminium soit can be 
a ae Miedo the Bugatti Veyron Super Sport beatit, tuned more strongly. Italso helps 
jumps in top sie ; the Ultimate Aero was officially the produce more power because the 

HY DEE OP speeds wes actually a function of world’s fastest car. cylinders are ‘truer’ -there isa better 

three variebice “See Dane iis duniaen eae Its shape was developed and tested in ring seal with such tight tolerances, 
androlling esa why many land NASA's full-size wind tunnel at Langley, meaning less leakage of combustion 
speed recor nny ie Virginia. This was to ensure the car gases and a bigger ‘bang’ transmitted to 
These are completely Une would be aerodynamicallystableathigh —§ theroad wheels. 
where cars al60 haves ae speeds before they were actually Because the Ultimate Aero is soldin 


focus on power and aerodynamics. 

Tyres carry huge loads: bespoke land 
speed tyres must be fitted, as roadgoing tyres 
simply can’t cope. Pressures are often very 
high -a Bugatti Veyron Super Sport has 
inflation pressures of 43psi, compared with 
30psi of a Ford Fiesta. 


reached. Six NASAscientists workedwith — the United States, it requires road car 

the SSC team to hone the Ultimate Aero’s legislation certificates, including 

surfaces: the challenge was to make it emissions. SSC has even achieved 

smooth throughtheair, withoutcreating California Smog Certification, whichis an 

dangerous liftateitherendofthevehicle. | extremelystrict test that places tight 
Braking from high speed is helped by limits on exhaust gas 


ie an AeroBrake rear spoiler. This pops up emissions. 

Official rules for the ultimate world land by up to eight inches, depending on how ne narG 
speed record state a fixed IEHEu aia see hard the brake pedal is pushed, but diagnostics are 
De used: awe oe must be MAG: aa Opposite remains tucked away when not needed provided by an 
directions, within an hour. The speed is to minimise drag. Ament PC-based 
takenias the ee of the al: The follow-up Ultimate Aero II has monitor. This keeps track 

Nosuch on se for progucays one-piece carbon fibre wheels. SSC ofthe car's systems and 
= Bata ie 1S Seth ace thersiole engineers say these are halftheweightof also provides the full 
GUBIOUR: the most validate claims verified by regular forged alloy wheels, andare capability ofa PC, 
pile e tl 1 ea 7 Beet Wore stiffer too. Reduced unsprung masses meaning itis flexible and 
Records. Along th German independent improves handling and stability, adaptable by laptop- 
body TUV, it verified the Bugatt) Sup SSS a particularly at high speed where the wielding car technicians. 


top speed, from an average ofthree runs. ~ 
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Chip off the block 


The engine blockis made froma 
forged billet ofaluminium, 
instead of cast aluminium. 
Tensile strength improves bya 
third, yield strength bytwothirds 
-andit’s lighter as well. 
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’s named Trine 
for a reason 




























Monster gearing 
Asix-speed gearboxanda 
272mph top speed means 
huge speed in other gears: 
8imph in 2nd, 117mphin 
3rd,155mphin 4th-and 
more than 20omphins5th. 
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‘The Aero’s carbon fibreroad wheels 
arestrongand lightweight — 








= 
A mile in half a minute & 
Froma standing start, the Aero ta 





Ultimate tyres 
























Michelin PS2 tyres are 

rated for ultra-high top can cover a quarter-mile in just 
speeds. They arealso used 9.9 seconds. It will then be : 

on the Bugatti Veyron and covering144mph, illustrating 
other hypercars. just how fastitis. 
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Carbon fibre cool 
Additional carbon fibre louvers 
on the side of the latest Aero 
improve airflow to radiators by 
20 per cent. This provides 
adequate cooling to the engine. 


Big brakes 
Incredible speed needs incredible 
brakes. The SSC has 14-inch vented 
discs, with slots, grabbed by eight- 
piston callipers up front. Normal 
cars have two-piston callipers. 









More than its weight 
Arounda constant circle, the SSC 
generates up to1.05g in cornering 
force. So itweighs more in hard 

cornering than it doesat rest. 













187 

































«Adjustable wing 

The angle of the rear wing 
adjusts according to use. For top 
speed it’s three degrees, rising 
to 55 degrees to brake for 
maximum retardation. 


| Huperfast production vehicles 


Suspension descends 
Height-adjusting suspension runs 
115mm front and rear in normal use.” 
For top speed, this reduces to 65mm 
alihefront and 7om at the rear. 


“Whereas road cars have 


OW/er 


figures in the hundreds, hypercars 
measure output in the thousands” 


—_— » 


The seven-speed gearbox uses twin clutches, 
to which alternate gear sets are connected. 
This ensures no breaks in gearchanges. 


The Bugatti Veyron Super Sport is the car Top Gear 
proved to be the world’s fastest. Presenter James May 
flew to a test track in Germany and drove it 253mph. 
Earlier, a Bugatti test driver took it up to 268mph - 
independently verified and therefore creating a new 
land speed world record. Allegedly, the record- 
breaking top speed took even the engineers by 
surprise - they were expecting 264mph. So how did it 
do it? Mainly thanks to a lot more power. 

The Super Sport puts out 1,200bhp thanks to four 
larger turbochargers than the standard model, fed by 


four larger intercoolers. They supply charged air to an 
8.0-litre mid-mounted W16 engine. As it is— ona basic 
level, two V8 engines paired together - it is relatively 
compact for such a large 16-cylinder engine: it’s 710mm 
long and 767mm wide. 

The engine is fed air from two NACA ducts located 
in the roof. These are named after the National 
Advisory Committee for Aeronautics, and are low 
drag due to the exremely smooth shape. They 
generate tiny vortices, which deflect the boundary 
layer of slow-moving air clinging to the car’s body - 


lillion-pound miracle 


High-tech carbon 

Bugatti introduced a newcarbon fibre 
structure for the Super Sport monocoque. 
Thisis more rigid, safe, and light. 





this allows in the faster-moving air, so a far greater 
quantity of air is ingested. 

Aerodynamics have been revised. The front intakes 
have been reshaped and there’s a double diffuser at the 
rear: exhausts are central for rear-end stability. The 
body is smoother -the NACA ducts sit flush, instead of 
the standard Veyron’s stick-up intake ducts, so there’s 
less drag and air disturbance. The car weighs over 1.8 
tons, but weight is not vital to top speed. But it is for 
acceleration: imagine how quick off the line the Bugatti 
would be ifit were lighter. 


Here are the best of the best - some of the fastest road cars money can buy. For rich 
record-seekers, buying one of these models is the ‘quickest’ way to hypercar honours. 
To illustrate just how hyper they are, we've included a mainstream Ford Fiesta 1.25... 


Super Slow Resta 
étrugales to even 


McLaren 
MP4-Ci2 


a get Close to the 
OOmph mare 





Ford 
Fiesta 
_ . 


Almost more impressive than 
speed is the McLaren's braking 
power + Can G0 +10 OOmpn 4: 


D in jase 30 metres 











MPa-2C 

The MP4-12C uses an 
Fl-style carbon fibre tub 
that weighs just 80kg powered by a /.3-litre V12 730bhp, and clever 
around which the high-tech - engine producing 75Obhp. aerodynamics give it a top 
car is constructed. * Maxspeedover220mph. & speed of 230mph. 


2. Aston Martin 
One-77 

The One-77 is an all-carbon 
fibre monocoque model 


3. Pagani 
Huayra 

6.0-litre V12 Mercedes 
twin-turbo engine put out 





Jaguar's C-X75 supercar concept uses electric drive with Li-ion batteries recharged by gas micro-turbines 








Limited top speed 
Bugatti limits the road car top 
speed to 257 mph to protect the 
tyres. The Super Sport available to 
buy will otherwise be identical to ' 
the 268mph record brealeer. The Dagger designers are not using the latest 
technology to achieve awesome top speeds. 
Instead, they’re using proven engineering 
solutions and decades of land speed and NASA < , ne a 
¥v 


experience. Five versions of the Dagger are — 


available. The 300mph car will bea bespoke 


7 ; 
Dagger GT-LS version, with a one-inch ride height, ee ee P 
roll cage, drag chutes and 450kg of front ballast ~ 7 - 
(for high-speed safety, it will keep the front of the BAG cubic inches. Super- th < 


GT-LS on the ground). The engine will beso 


TTT TT TT eee a 
‘4 -»' ry j 


The US firm measures engine capacity in cubicinches- Aerodynamics areas vital as power for 
















highly tuned, it won't be suitable for road use. 572. In European terms, it’s 9,376cc, ora93-litreengine. besttop speed: the Dagger’s Cdis 0.28. 
Horsepower is key to high top speeds - that, 

and good aerodynamics. TranStar used a NASA speed gearbox has also been designed to deal with The statistics 

aerodynamicist, who discovered that the shape such high horsepower. ae 

of the GT, including 1.95m’ frontal area and 0.28 TranStar says there are good aerodynamic 

Cd, will allow 300mph... ifit also has 2,ooobhp. reasons why supercars have not exceeded 

So, that’s what it has, viaa petrol-methanol, 30omph: “This is the danger zone and you must 

twin-turbo 572 cubicinch V8 engine. There are take precautions before attempting these speeds. 

dual fuel injectors for each cylinder -at 300mph, We have the horsepower, aerodynamics and the 

the dual fuel tanks will empty in six minutes. engineering know-how. It can be done 

TranStar says that, for‘a little insurance’, it can mathematically, on paper. And we have the guys 

offer up to 2,500bhp. Aspecial custom-made six- who can make it reality.” 

Deploy the chute Big bore engine Quarter mile hurricane 

It’s common practice for world Eachcylinderintheengineis |The benchmark quarter-mile 

speed record cars to havea rear ‘square’ in dimensions - from astandingstartis 

parachute for rapid braking, 14mm boreand1i4mm stroke. estimatedtotake6.6seconds. 


i Clutch can cope 
~~ The huge clutch is 


made up of three 
friction plate discs. Itis 


rated to 2,500bhp. 









All torque 
Da er TranStar is aiming for 2,coolb-ft of torque 


ti it — from the engine. Such pulling power will 
Ss Ic Ss ll in provide massive response to the throttle. 


yin : : Bugatti Veuron TranStar Racing 
Ultimate Aero The Utimate Aero is 16. Poet Sport Dagger GT 


the closest to the 





Veuron at present 
but will the Udimate san Pio ip 
Aero Il take pole proauction cay in e 
needton? world. but till can't , 
positions catch theDasger GT First past the line 


already passing BUymph’ 
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Gate 

Made of oak orsteel, gates are made watertight by 
using a mitre joint. The two gates fit together at an 
angle - and the height difference by the two water 
levels pushes them tight together. Only a small 
difference is needed to seal them. 


Paddle 

This is the valve used to fill and empty chambers. 
There are gate paddies, which are holes in the lower 
gate that water flows out of, and ground paddles, 


which flows water underground through a culvert. 
There can be several paddies in a lock. 


Canal locks 


Canal locks have been around for centuries, 
and are both elegant yet ingenious 


In the early days of canals, locks 
ee were not necessary. Engineers 
me built them on flat land; gradients 

were not an issue. However, canals are 

man-made structures originally designed 
for work, not pleasure. To make best use of 
them, they needed to go where the 
factories were - hills andall. 

Locks were invented to let boats travel 
up and down gradients on water. They 
work like an ‘aqua lift’; the boat is enclosed 
ina chamber, which is either filled with or 
emptied of water. This commonly carries 
the boat up or down a height change of 
several metres. 





“Due to their larger size and 
protrusion, ship stabilisers offer 
greater resistance to ship roll’ 


Chamber 


Conal boating / Staying upright at sea 


This is the area of water that raises or lowers the boat. 
Itis completely sealed by gates at either end. Some 
‘super’ chamberscanliftaboatsixmetres,this . 


distance is called the ‘rise’. 


aa 
he 


Where there is a steep gradient to climb, 
there are numerous locks spaced across 
the gradient. These can either be 
individual locks separated by a lock-free 
waterway, ora ‘staircase’ —- these are faster 
as the ‘upper’ gate of one lock is the ‘lower’ 
gate of another. 

Each lock cycle involves the transfer of 


many tens of thousands of gallons of water. 


On artificial canals, itis important this 
water flow is managed to ensure the canal 
does not run dry. Luckily, the historic 
engineers considered this too, ensuring 
even Victorian lock systems work as well 
today as they always have. 


Ship stabilisers 


How do they help 


level in rough waters 


Ship stabilisers come in three 
main categories: bilge keels, 
ship stabilisers and gyroscopic 
ship stabilisers. Bilge keels are long thin 
strips of metal that runina‘V’ shape 
along the length ofa ship at the turn of 
the bilge (the area on the outer surface 
ofaship’s hull where the bottom curves 
meet the vertical sides). Bilge keels work 
by dampening a ship’s roll capability by 
counteracting roll pressure with 
physical hydrodynamic resistance. 
Bilge keels are one of the simplest and 
cheapest ways to stabilise aship and 
mitigate roll. 

Ship stabilisers differ to bilge keels in 
shape and positioning, resembling fins 
rather than gills and are often 
positioned in pairs at the stern and bow 
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keep ships 


ofaship. They do, however, work in the 
same way and are usually positioned on 
the bilge in line with the ship’s bilge 
keel. Due to their larger size and 
protrusion, ship stabilisers offer greater 
resistance to ship roll but negatively 
affect its manoeuvrability and increase 
its hull clearances when docking. 
Finally, gyroscopic ship stabilisers — 
which are the stabiliser of choice on 
most modern, large-scale vessels — are 
complex fin systems that cannot only be 
incrementally adjusted in their angle of 
attack (a vector representing the relative 
motion between lifting body and the 
fluid through which it is moving) to 
counteract roll, but also brought in and 
out of the hull at will thanks to specially 
tailored hydraulicmechanisms. 





Balance beam 


The most famous visual aspect of 
alock. Made from heavy timber, 
the beam ‘balances’ the gate and 
ensures it does not drag on the 
ground, so can be moved easily. It 
also provides leverage to swing 
the heavy gates open and closed. 


Main control 
Dictating orders, the elements 


of the fin system are enacted 
andd here. 


-— 


unit 
The power to move the massive 
fins and bring them in and out of 
the ship comes from hydraulics. 












Winding gear 

This iswhatopens the paddlevalve 
that fills and empties a lock. An 
operator turns a windlass, which lifts 
the sliding panel covering the valve; it 
looks like a mere wooden stub butis 
actually the ‘control panel’ of the lock. 


Bridge control 

The position and 
equipment used by the 
officers to issue commands. 


cater tr 


Stabiliser 
unit 

This helps to 
maintain fin 
positioning and 
ship stability 
while moving. 








The part of the system that can be extended out 
of the body, used to prevent roll and achieve an 
accurate and efficient tracking course. 
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= Improving efficiency 
Modern piezoelectric fuel injectors use piezo wafers that, when charged, 
expand and control the nozzle. Their key benefit is immense speed of 
reaction; they can deliver multiple injections of fuel for every combustion 
cycle -this helps reduce noise and emissions, and increase power. 


Common rail direct fuel injection systems use a shared fuel accumulator feeding all injectors 








Fuel injection systems are the delivery 
agents that help a car move. They spray fuel 
into the combustion chamber, where it 
mixes with air before being ignited. Fuel 
injection is a totally computer-controlled process that is 
fully responsive - the very millisecond any parameters 
change, so too will the amount of fuel injected. 

Fuel injection has replaced old-fashioned 
carburettors. Electronic systems were first fitted into 
cars in the Seventies - mechanical setups existed 
before this, but they were far less reliable. Today, 
emissions legislations mean every car on sale must be 


Fuel tube 
This high-pressure tube feeds ~~ 
off from the fuel rail and 
supplies the injectorwitha 
constant stream of fuel. Forces 
involved are immense, yet 
intricately controlled. 


Fuel 
Fuel is injected into the 
combustion chamberviaa 
solenoid or piezoelectric 
injector; some diesel 
injectors can fire six or 
seven ‘bursts’ foreach 
combustion cycle! 





Atomised fuel 
Such is the immense force of 
the fuel injection, it actually 
formsa fine mist-this 
allows more ‘complete’ 
combustion, helping reduce 
emissions. 


Injecting accuracy 





F : ; ec tio 
The electrically powered, computer-controlled 
syringe that injects more power into an engine 
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fitted with fuel injection. The latest solenoid injector is 
a highly precise ‘syringe’ that sprays just the right 
amount of fuel into a cylinder. The injector is powered 
by electricity, its default mode is closed but electric 
power to the solenoid opens it fora microsecond. The 
duration of this ‘open’ period is called the pulse width. 

Fuel is delivered from a pump in the fuel tank -this 
means itis injected under pressure. This atomises the 
fuel, enabling it to mix more fully with the air. This is 
called stoichiometric, or ‘complete’, combustion. The 
latest fuel injectors can deliver fuel under thousands of 
bar pressure. 


Common rail 


Fuel is constantly 


pressurised, up toseveral 
thousand bar in diesels; this 


is key to the overall 
efficiency of common rail 


fuelinjection. 


Carburettors were far less accurate than injectors. They could not 
achieve the pressure of an injector, so fuel was injected in drops 
rather than a fine mist. This was more difficult to fully combust, 
which led to wasted fuel and higher emissions. Carburettors did 
not allow computer control so operated as an open loop with no 


feedback from sensors. Therefore they were very slow in 


responding to transient conditions. 


oe 


Modern legislation demands such tight control of exhaust 
emissions, a carburettor simply would not achieve the required 
standard - particularly in very hot or cold conditions. Fuel 


o(o)ammers\i-ncekee)ercs(e(-)mueleenavil=>.¢le)(-Be)t-lavenelmee-Re-baeeresnlee 


” 
injection also provides more flexibility for engine designers, who | 


This helps packaging for modern front-end crash tests. 





High-precision 
tech atop each 
cylinder 


Fuel injectors are precise and expensive 
technology. There is one for every cylinderina 
car's engine. The amount of fuel injected is 
calculated by an ECU (electronic control unit), 
which measures parameters from oxygen, mass 
air flow, outside temperature, throttle position 
and crank position sensors. A solenoid coil acts 
ona plunger when charged to initiate injection. 


STAGE ONE 
Solenoid off 





Fuel delivered Fuel pressurised 
Fuel is delivered to Aspring keeps the injector 
each injector under sealed by forcing the needle 
pressure by an electric in the ‘closed’ position. 
fuel pump from the 

rear fuel tank. 







Fuel filtered 
Fuel waits To ensure no debris can 
Fuelwaitsintheinjectortobe enterthe precise injector, 







injected into the engine with a filter cleanses all fuel 
the opening of the solenoid. before it enters. 
STAGE TWO Solenoid control 
. The solenoid surrounds 
Solenoid on the plunger; itis this that 
presses on the valve spring 
Fuel mist to keep the injector shut. 
Aspray tip can have 
many holes, further 


helping atomise the 
fuel into a fine mist. 


Solenoid action 
When charged, the 
— in solenoid lifts the plunger. 
This releases pressure on 

As thevalve spring : 
lifts, pressurised the valve spring. 

fuelis squirted 

through the spray tip; Fuel precision 
when the solenoid is It isa closed loop feedback 
turned off, the system; sensors feed a computer 
plunger snaps back that calculates individual fuel 
and closes the valve. injection quantity. 
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ety fixed- py ht gircraft such 
rien the flight principles of 


icopters differ markedly” 





The Dauphin: essential ona 


Cae rescue mission 
~~. 


a 
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How helicopters fiy 












Helicopters 


Arguably the most versatile vehicles used on Earth, 
helicopters are used for military, civil and industrial 
purposes, offering unrivalled flight dynamism 


Helicopters consist ofa large 

airfoil (a rotating blade assembly) 
mounted via a hinged shaft to an 

aircraft fuselage, engine and flight 
controls. Unlike fixed-wing aircraft such as planes, 
however, the flight principles of helicopters differ 
markedly, with their power emanating from the 
rotating motion of the airfoil instead of from the 
plane’s fixed wings and turbofan jet engines. Indeed, 
the fact that helicopters obtain lift from this cyclical 
motion complicates things massively, as it is directly 
affected by the horizontal or vertical movement ofthe 
vehicle at all times. 

For example, ina plane the flight path ofa wing is 
fixed in relation to its forward flight, whileina 
helicopter the flight path advances both forward and 
backwards through the circulation process ofthe 
rotors, with generated thrust parallel andinthe 
opposite direction to it at 90 degrees. Therefore, when 
a helicopter is hovering ina stationary position, the 
plane of rotor rotation is directly parallel to the 
ground, balancing the helicopter’s weight and drag 
with its generated perpendicular thrust/lift. In order 
to move forward, backwards or side to side, the 
helicopter therefore tilts the plane of rotor rotation 
(ie, the opposite direction to that of produced thrust) 
in that direction. 


> 4 
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Complicating this process, however, are the effects 
of the rotor’s opposite torque reaction, which due to 
the high rpm speed rotates the helicopter’s fuselage in 
the opposite direction to that of the spinning blades. 
This is controlled by the addition of the helicopter’s 
tail rotor, which is manually controlled by the pilot 
with the anti-torque pedals located in the cockpit (see 
‘How to fly a helicopter’). By adjusting these pedals the 
pilot can increase, decrease or neutralise torque 
dependent on the required manoeuvre. 

In addition to variable rotation planes and torque 
reactions, helicopters are also subject to a ‘gyroscopic 
precession’ effect, a dissymmetry of lift caused by its 
forward movement. This occurs because as the rotor 
rotates while the helicopter is moving, the blades at 
the fore ofany single cycle combine both their own 
velocity with that of the movement, while those at the 
rear of any cycle hold the difference between their 
velocity and the movement. This, insimple terms, 
means that the blades at the front move quicker than 
those at the back, producing more lift. If left 
unchecked, the helicopter would roll, so this is 
counteracted by altering the blade’s individual angle 
of attack (the angle between the helicopter’s lifting 
plane and oncoming flow of the atmosphere), 
decreasing that of those advancing and increasing 
those retreating to generate equilibrium. 


The statistics... 


Sead King HAS.5 
Crew: 2-4 

Length: 17m (56ft) 
Height: 5.13m (16ft) 
Weight: 6,387kg 
Rotor diameter: 18.90m (62ft) 
Range: 1,230km (764 mi) 
Powerplant: 2x Rolls-Royce 
Gnome H1400-2 turboshafts 
(1,660shp each) 


Max speed: 207kph (129mph) 
Service ceiling: 3,050m 
Rate of climb: 10. 3m/s 
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Rotors RE 

With a diameter of 18.9m and constructed with a steel le 
rotor head along with five interchangeable composite 

blades, the Sea King’s rotors grant itsupreme lifting 

power, able to carry multi-ton loads. The rotors are 

designed to be immune to notches and corrosion, as 

well as being impact-resistant and foldable. 


A helicopter being used for rescue 
training operations in Iceland 








Screwed Steamed Untethered Fastest Phileas 
The first reference to a rotor The word ‘helicopter’ was The first helicopter to The record for the fastest The current world record 
system is credited to coined by French inventor achieve untethered helicopter in the world is speed for an eastbound 
Leonardo da Vinci, who Gustave de Ponton flight was the Cornu of held by the Sikorsky X2 round-the-world helicopter 
designed an ‘aerial screw’ in d’Amécourt, who used it to 1907, which managed to which, during a flyby over trip is 136km/h (220mph) 
1480. No full-scale variant name his small, hover one foot above the Florida, United States, set by Edward Kasprowicz in 
was made during his lifetime. steam-powered rotorcraft. ground for 20 seconds. clocked 416km/h (258mph). an Augusta A109S Grand. 


The first fully functional helicopter was the 1936 Focke-Wulf Fw 61 
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How It Works 

looks inside the 
Westland Sea King, 
one of the foremost 
utility helicopters in 
the world... 


Powerplant 

The Westland Sea King is fitted with 
two Rolls-Royce Gnome H1400-2 
turboshafts, each capable of 
delivering 1,66oshp. Both engines are 
governed by Westland’s 
comprehensive avionics suite, a 
selection of systems designed to 
handle automatic functions such as 
start-up and on-the-fly maintenance. 
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The pilot should've 
gone to Specsavers 


Utilities 

Utilities on the Sea Kingincludea 
multi-band homing system, 
satellite navigation suite, search 
radar, video/infrared detection 
pod, electric generator for medical 
equipment (such as incubators) and 
a hydraulically operated rescue 


Instrumentation 

The cockpit of the Sea King is fitted 
with a gyro-horizon, altimeter, 
airspeed indicator, dual torquemeter, 
engine temperature indicator, 
voltmeter, ammeter and triple 
tachometer. Many of these 
instruments are directly accessible 


hoist. Nightvision goggles are also 
available for crew members when 
operating at night. 





through multifunctional displays. 





Fuselage/nose 
Built from sculpted, 
composite panels, the HAS.5's fuselage is 
anti-corrosion resistant and structurally 
reinforced, making it capable of carrying 
large loads externally in its hydraulically- 
operated main rescue hoist and cargo sling. 
Upon the fuselage, a Thales Searchwater 
radar is attached via swivel arm. 


Think flying a plane would be 
hard? This is even harder... 
Flyinga helicopter is significantly harder than 
pilotinga plane, due to the increased number of 
control inputs that need to be co-ordinated. There 
are four flight control inputs: the cyclic and collective 
controls, as wellas the anti-torque pedals and 
throttle. The cyclic control - the joystick that sits 
between the pilot’s legs — alters the pitch of the 
helicopter’s rotor blades cyclically, allowing the pilot 
to change the rotor’s thrust direction and overall 
vehicle tilt. For example, ifa pilot pushes the cyclic 
stick forward then the rotor disc does also, creating 
forward thrust. The collective control is positioned to 
the left-hand side of the pilot (ina handbreak-type 
position) and when risen changes the pitch angle of 
all main rotor blades collectively, independent of 
their position, increasing or decreasing altitude. 
Anti-torque pedals are positioned at the pilot’s 
feet and control the direction of the helicopter’s nose 
when pushed. These work by adjusting the pitch of 
the tail rotor blades, increasing yaw (rotation around 
a vertical axis) either to the left or right, dependent 
on which pedal is pressed. Finally, the throttle 
control - which is usually positioned as a twist grip 
on the collective control - affects the amount of 
power produced by the helicopter’s engine, directly 
affecting the rpm speed of its rotors. Professional 
pilots must be trained to utilise these four controls 
in unison. 



















Panel 
Readouts for speed, 
altitude, temperature 
and pressure. 


/ 










Cyclic 
The cyclic 
joystick control 
is positioned 
between the 
pilot's legs. 


2 











Positioned tothe 
left of the pilot, 
the collective 

\s alters blade 
= pitchangle. 
% 7 


i] 
Pi 





Anti-torque pedals Throttle control is 
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are positioned at 
the pilot's feet and 
control yaw. 












determined bya 
twist grip on the 
collective stick. 
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So fast that some have been sanctioned as illegal, the current generation of 
superbikes are changing the nature of two-wheeled transport. Take a look 
at some of the most notable and the advanced technologies they employ 








Optimised for some extreme performance that few hypercars can better-and, refining it and evolving it to maximise speed and 
© acceleration, mad braking and indeed, fora fraction of the cost. Driven by the performance. First and foremost, engine power is 
unthinkable cornering, superbikes are blurring of the lines between professional MotoGP increased — often well over one litre (1,000cc) -and 
” aggressive, mass-centred machines superbikes and those available tothe public-aswell encased within an aluminium alloy frame to 
designed with one thing in mind - pure speed. And as the collapse ofa gentleman’sagreement between — reduce weight. The engine is also rebuilt from 
itis asteadfast mission of which nothing can stand bike manufacturers to limit their vehicles to scratch from lightweight composite materials (see 
in the way. There is no compromise. Comfort? maximum top speeds of200 miles perhour-today’s ‘Inside asuperbike engine’ boxout) and 
Forgotten. Fuel economy? Laughable. Legality? superbikes are breaking loose from traditional repositioned to maximise weight distribution, 
Deeply questionable. constraints with the help of some very nifty structural integrity and crucially, chassis rigidity. 
Superbikes are completely transforming the next-generation technology. The latter is important as it affects dynamism and 
levels of speed at which a human being is capable of Fundamentally the superbike works byadopting _ stability when accelerating, braking and cornering. 


travelling on two wheels, pushing the boundariesof —thetraditional design elements ofamotorcycleand Themotorcycle’s geometry is also completely 
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Champ Moto Speedus Maximus Tomahawk 
The Superbike World In contrast, the Road Racing The highest speed achieved The world’s fastest street The world’s fastest street 
Championship was founded World Championship was on a MotoGP motorcycle is legal superbike as of 2010 is illegal superbike is the 
in 1988 and allows modified first organised in 1949. This 217.037mph. This record the Ducati Desmosedici RR, Dodge Tomahawk, which 
versions of road-legal competition is split into was set by Dani Pedrosa ona which has a rated top speed has a top speed of over 
superbike models to be raced three main categories, with Repsol Honda RC212V 800cc of 199mph. Ducati claims it 400mph. Only ten were ever 
against each other. MotoGP being the fastest. superbike in 2009. is capable of over 200mph. built. They cost $550,000. 
The statistics... 
P Hayobusa GSXi300R 
7 Length: 2,190mm 
Engi ~ Width: 724mm 
ne J . 
The Hayabusa GSXx300R Height: 1,166mm 





is equipped with a1,340cc, 


in-line, liquid-cooled engine 
with 16 valves. 


Chassis 
Made entirely from aluminium, the frame ts 
designed to maximise strength while 
minimising weight. This is evident in the bike’s 
bridged aluminium swingarm. 





instrumentation 
The instrumentation features four 
analogue meters for the bike's 
speedometer, tachometer, fuel gauge 
and water temperature. 





Wheelbase: 1,48lmm 


Mass: 260kg 


Engine: 
Four-stroke, liquid-cooled, DOHC 


Power: 145 kW @ 9,500rpm 
Torque: 155N.m @ 7,200rpm 
Clutch: Wet multi-plate 


Transmission: 
Soe-speed constant mesh 


Gearshift: One-cown, five-up 


Transmission 

The GSX1300R fs kitted out with an 
optimised six-speed transmission. 
Oilis automatically sprayed to the 


4th, 5th and 6th gears to reduce 
wear and mechanical noise. 


Brakes 

Radial-mount front brake callipers 
allow the GSX1300R to be fitted with 
smaller310mm front brake rotors to 
reduce unsprung weight and improve 
handling. Asingle piston rear brake 
calliper works in conjunction witha 
260mm rear brake disc. 


The Hayabusa GSX1300R features an 
optimied six-speed transmission 


rbike engi 
= Wal in = , i I == 


Why do they have such explosive performance? 
Almost all modern superbikes have injection systems. In addition, 
extensive liquid-cooling systems advanced engine firing systems are 
and smart composite materials to used to improve the smoothness of 
improve cooling and heat transfer energy transfer to the road, as 
while in operation. Further, many demonstrated in the crossplane 
components are made from crankshaft installed on the Yamaha 
lightweight aluminium alloys and YZF-R1. Here the YZF-R1's crankshaft 
are covered with chrome-nitride is designed to fire unevenly in order 
coatings to reduce friction. to produce combustion rather then 
Combustion efficiency is achieved inertial torque. This improves 
byemployingiridium spark plugsin power,smoothnessand rider feel 
conjunction with refined fuel when riding at speed. 





Acutaway 
illustration of 
Yamaha's new, 
engine forits 
YZF-R1 
superbike »* 


The crossplane 
eagcbeliecjarclamaceyen 
the YZF-R1 


rewritten in order to ensure correct 
front-to-rear weight distribution and 
rider positioning for high speed riding. 
These design alterations includea 
smoothing of the bike’s chassis to 
increase aerodynamic performance 
and reduce drag, as wellas the 
repositioning of instrumentation and 
controls - suchas higher foot pegs and 
lower handlebars - to ensure optimised 
rider positioning. 

Superbikes also feature a significant 
number of advanced and upgraded 


components and technologies. In terms 
of braking, thicker high-grade brake 
pads are used in conjunction with larger 
iron, carbon or ceramic-matrix disc 
brakes, which in turn are fitted with 
multi-piston callipers clamped onto 
oversized vented rotors. Suspension 
systems are multi-adjustable at both the 
front and rear - which allows 
adjustment for road conditions and 
riding style - and wheel forks are fitted 
with independent left and right 
cushioning to improve damping 
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= 
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“Superbikes are transforming the 
levels of speed ag human being Is 
capable of achieving on two wheels’ 





Fastest superbikes 


performance (the reduction of friction 
and oscillation at high velocity). Engine 
crankshafts (the part of the engine that 
translates the reciprocating linear 
piston motion of the power stroke into 


rotational motion) are also custom built ee enginedctiversa ca alone Traction control The statistics... 
to ensure a smoother combustion maximum power output of 147.1 LED-backlit bar-graph _ The Sport-Kawasaki Kawasaki 
process. On top of this, each superbike’s kW at13,00orpm. The engine has tachometer which allows tae non Cone te oley Ninja ZX-10R 
transmission is modified to use with been tuned by Kawasaki to help different modes to be is installed tomaximise 
dual wet, multiplate clutches (see ensure asmooth ride. selected to suit use. “iseitairiin Penge 27 Ssren 

Width: 714mm 


a 


‘Superbike transmission explained’ 
boxout) for lightning-fast and super- 
smooth gear changes. Both front and 
rear tyre sizes are also dramatically 
increased in order to increase traction 
and maximum riding angle. 

And finally, superbikes come fully 
equipped with numerous smart 
electronic systems in order to help the 
rider control the extreme power and 
speed at which they are travelling. 
These can range from traditional 
tachometers, speedometers and 
rev-counters through to automatic 
systems to control intake performance 
across the superbike’s rpm range and 
throttle-valve opening timings for 
responsive and smooth power. Quite 
simply, these machines represent the 
pinnacle of vehicular progress. 


= 
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Chassis / exhaus 
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© Kawasaki Motors Europe 


Fitted with next-generation exhaust header pipes formed 





from heat-resistant titanium alloy and sporting anew 


pune rbike 








Because it takes two to transmission 


Modern superbikes use dual-clutch 
transmissions for maximum performance. 
These work by having two clutches instead of 
the usual one sharing the gearbox, with each 
clutch attached to halfthe number of total 
gears. In essence this means that when the 
bike is ina certain gear the next gear is also 
selected by the second clutch. Consequently, 
when the rider changes up a gear and the first 
clutch is disengaged, the second clutch can 
instantly engage the next gear, providinga 
super-fast response time. 

Due to the compact, advanced design of 
the superbike dual-clutch transmission, 
most systems on the market use wet multi- 
plate clutches. Wet clutches involve 
submerging the clutch components in 


curved chassis to increase aerodynamic performance. 


fransmission explained 


-_— 


The Kawasaki Ninja ZX-10R boasts 
sophisticated traction control 





Height: 1,115mm 
Wheelbase: 1,425mm 
Mass: 20lkg 

Engine: 

Four-stroke, liquid-cooled, in- 
line four 


Power: 147.1 kW @ 13,000rpm 
Torque: 112N.m @ 11,500rpm 
Clutch: Wet multi-plate 
Transmission: Six-speed return 
Gearshift: One-down, five-up 


Su 







a. 
t 


© Kawasaki Motors Bupope 


lubricating fluid to reduce friction and limit Inner transmission Outer transmission 
the production of excess heat. This is due to shaft and first shaft and second 
the fact that wet multi-plate clutches use clutch engaged clutch engaged 


hydraulic pressure to drive the superbike’s 
gears. This works as when the clutch 
engages, hydraulic pressure from its internal 
piston forces its series of stacked plates and 
toothed friction discs against a fixed pressure 
plate. In turn, the friction discs mesh with the 
splines on the inside of the clutch drum and 
the force is transferred from drum to gearset. 
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Kawasaki Ninja ZX-1OR 





The ZX-10R sports horizontal back- 
link rear suspension above 
the bike’s swingarm. This 
arrangement increases road 
holding in the final third of the 
engine’s stroke range and 
increased stability when cornering. 


The Kawasaki Ninja ZX-10R superbike has g liquid-cooled engine 





The statistics... 
















Yamaha YZF-Ri 
The wheelbase Length: 2,070mm 
onthe YZF-R1 Width: 714mm 
extreme ¢} 
control é Wheelbase: 1,415mm 
Engine Electronics Mass: 205kg 
The YZF-R1's engine isa four-stroke, liquid-cooled Yamaha’s YCC-I (Yamaha Chip- Engine: 
variant. It delivers amaximum power output of Controlled Intake) adjusts the length of Four-stroke, liquid-cooled, DOHC, 
133.9 kW ati2,500 rpm. the fourintake funnels of the YZF-R1 for forward inclined 
accurate and balanced performance Power: 133.9 kW @ 12,500rpm 
, across the rpm range. 
Torque: 
fad 115.5 Nm @ 10,000rpm 
- Clutch: 







<s - Wet, multiple-disc coil spring 


_ __ 
y= % Transmission: 
. Six-speed, constant mesh 
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Gearshift: One-down, five-up 


ws 
2 issumi ng 


Distance: 
9,681 miles 


START (Alask 


mA 


Suspension Crankshaft 
The YZF-R1 features multi- The YZF-R1 is the first production 

bike witha crossplane Wheelbase 
adjustable front and rear p . 
suspension that can be crankshaft. This grants the rider Imported direct ly from Yahama‘s MotoGP 
varied depending on extra control and feel asthe bikes, the YZF-R1 sports a short wheelbase 
riding style and road crossplane produces combustion and long swingarm frame which helps 
conditions. rather than inertial torque. deliver maximum traction and control. 

When $500 million 
| meets 500bhp 

Costing over $500 million and sporting handled by 20-inch perimeter-mounted 

the 500bhp, 8.3-litre Vio that can be found drilled and machined stainless rotors, 

in the Dodge Viper supercar, the Dodge partnered with multiple four piston fixed 

Tomahawk is the world’s fastest superbike. aluminium callipers. 


Indeed, itis so powerful - think 0-60 in 2.5 ea oe —— 
seconds and atop speed of over 400mph - iar 
that it has been banned for legal use on 
public roads. Despite this, however, Dodge 
has sold more than ten Tomahawks for 
private collectors for use on racetracks and 
private estates. 

The Tomahawk is constructed from a 356- 
T6 aluminium alloy block with cast-iron 
liners anda series of aluminium alloy 
cylinder heads. The bike is cooled by twin 
aluminium radiators mounted atop its 
engine intake manifolds as wellas a force- 
fed belt-driven turbine fan. Braking is 
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“The cement hopper Is fitted with 
vibrators to stop blockages" 


The Nurock mixer 


Concrete mixers’ 


A 





These vehicles are vital to construction projects of every scale, but 
how do they get the job done so quickly and efficiently? 


The need for different 
types of concrete -in bulk 
quantities — has led to 
demands for adaptable, 
variable concrete mixers. The key to 
successful concrete mixing is to use 
the correct amounts of each 





proportions. Here, the mixer lets 
gravity do some of the work. Its 
hopper is angled at 45 degrees on the 
bottom to encourage the material to 
flow effectively. The hoppers are even 
rigged with vibrators to ensure that 
any blockage is quickly shaken apart. 


Finally, the cementitself is held in 
a rear hopper. Once added, the 
completed material is mixed using a 
variable-speed, continuous mixing 
screw. This produces a uniform flow 
of freshly mixed concrete from the 
rear of the mixer, it can be stopped 


» 






 , 
. SB datelmale)iel 
- it all together 
a 
Making the 
mixture 


A lot of work goes into creating 






ingredient. At the heart of the Nurock Water stored at the front ofthe and started at will, with no waste. a steady flow of concrete 

concrete mixerisaconveyerbeltthat mixerisfed,viaahydraulicpump, The mixer can be rotated through 180 ee 
carries sand and stone, storedinthe into the continuous mixingscrewata degreesand extra delivery chutes can 33 1. 4 Waies ite Bei 
main hopper, out to a continuous specified speed for the type of be added allowing up to 2oft ensuring heat from it usignhes 





mixing screw. The proportions of concrete, all monitored by an discharge from the rear of the mixer out through the water. 
sand and stone are controlled using advanced mixer computer system for allowing the concrete to be placed on 
electric flow control gates to vary the accountability and accuracy. the construction site. 
Cc t fl th 2. Water tank : K 
emen OW roug Water is pumped into the mixerscrew =» eo ee 
th N k — at aconstant speed as required and ACS 
e uUroc mixer eliminates pressure variance ee 
The parts and processes that _ from the tank. 2. Water tank _ 
create perfect concrete every time The water flow into the ~~ 
; mixer can be controlled 
it . dD by the operator. 
6. Cement hopper ? | , : 
The hopper holds the bulk of the l F x <= 
cement, with a water-tight door , Pp a , 
allowing for easy loading. > A as 
e , | 7 7 4 | y 4 - — | 
4. Stone hopper 1 Aap | s k | ee 
On the opposite side of the mixer, 7 we A 4; ~ YEA tS 
the stone hopper can also have its rs > SY 4 F > ‘ 
flow modified, ensuring the correct | , : 
mixture is achieved. * 3. Aggregate hopper <> 
é Angled at the bottom to keep the 
i} 1. Conveyer belt flow of the mixture smooth, it also 
* Vital to the proportioning vibrates, breaking up any blockages. 
*\* — Fx process, the conveyor belt > 
stone to the mixing screw. 
5. Cement feed 
The feed system ensures a constant defivery of 3. Sand hopper : | 
cement meeting the exact tolerances needed to The Nurock is designed to hold sand — 
produce any strength of concrete required. and stone separately if needed. »Q \ oa 
= + eS 
The Nurock mixer makes light ee = 
work of concrete production 4, Cement feed to? 
p< Again, these can be controlled, 
ensuring the correct ratio of sand 
and stone ts added. 
kA |\ 
< > " @ & I 
5. Continuous _— 
mixing screw 
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A variable speed - and reversible - 
hydraulic screw, this ensures the 
cement flows steadily. 





Satnav profiling CVT 


Cutting-edge cars link the 
auto gearbox to the satnav 


Automated manual 


In an automated manual, a 
conventional manual gearbox 


Dual-clutch 


A dual-clutch gearbox has two 
clutches, onto which ‘odd’ and 


Fuzzy logic 
In the Nineties, automatic 
transmissions gained computer 


A Continuously Variable 
Transmission has an infinite 


control - this enabled them to ‘even’ gears are mounted. is controlled hydraulically by system. This means the number of gear ratios, by 
‘learn’ each driver's style, and These are pre-selected, with electronic actuators. These gearbox can ‘see’ when bends adjusting the sections of two 
adjust the gear change profiles alternate gears engaged by shift gear ratios and also in the road are coming up, and pulleys on which a belt or 

to suit. swapping drive to the clutches. operate the clutch. profile gear changes to suit. metal band runs. 





Anautomatic transmission makes a 
car easier to drive. Most executive 
cars have automatic gearboxes, and 
while there are various types of 
‘self-shifting’ transmissions on the market, the 
most well-established is the conventional torque 
converter automatic. 

The key component is the torque converter 
itself. This provides the coupling between the 
engine and the transmission, converting engine 
motion into vehicular movement. This is nota 
direct connection, though -instead, itisa 
hydraulic connection. Automatic cars are said to 
use a hydraulic coupling or fluid coupling. 

There are three main components ina torque 
converter -—the impeller, turbine and stator. The 
impeller and turbine face one another ina round 
metal case that looks like a doughnut: the 
impeller is connected to the engine and the 
turbine is connected to the transmission. The 
case is sealed and filled with transmission fluid, 
and both impeller and turbine are fitted with 
blades that catch the fluid when rotated. 

When the engine rotates, the impeller begins 
to circulate. As this also swirls the transmission 


] 





fluid, the turbine thus begins to move in the same 


Inside an automatic 


Auto 


A torque converter is a fluid connection, so there is always a small 
percentage of slippage. This is why automatic gearboxes are less 


Automatic 
transmission 


Since the Thirties auto transmissions have provided 
convenience for drivers, and still play a part in development 


= 


direction - this is how engine drive is sent to the 
transmission. Due to centrifugal force, the fluid is 
forced to the outside edge of the blades. The stator 
redirects this back to the side of the turbine - this 
flow of fluid is what multiplies the engine power. 

The torque converter is connected toa 
planetary gear set. This consists of a central sun 
gear, around which several planetary gears and 
an outside ring gear can rotate. Ratios are altered 
by locking and unlocking different combinations 
of gears. Most automatic transmissions consist of 
compound planetary gears, where two gear sets 
are connected in series. 















Uitelslecieclileliate manl= 
automatic gears In 
your vehicle 

Park 


|bemdobtcpenlele(cmmael-neveige)bim-jet-Vamiw (ele (xem e\ie-Relae(ae 
called a ‘parking pawl’: a pin locks the output 
shaft to the transmission casing. It is the first 
position on all automatic transmission shift 
patterns: the ordering layout was standardised in 
the Sixties. 


Reverse 

The planetary gear set is locked, so it can’t move. 
Power is applied to the ring gear, which causes the 
sun gear to turnin the opposite direction. This 
enables the vehicle to move backwards. Most 
gearboxes have a shift lock, so you have to press a 
button on the shifter to engage reverse: electronic 
computers mean it doesn’t engage when you're 
going forwards. 


Neutral 

This mode disengages the transmission from the 
road wheels - it enables the car to be pushed freely 
Vole aeltimentiabtae)tercmaetcueccrctaeley.em\y (0 -imer-Dage-Denelelt 
be started unless they are either in ‘N’ or ‘P’. 


Drive 

In this mode, the transmission can engage the full 
set of gear ratios automatically. The torque 
converter allows the vehicle to stop with the 
transmission in gear, with the engine still 
running. All the driver does is engage the ‘D’ 
setting and drive. 





Band aid 


Bands are used to lock different parts of the 
gear set, depending on the ratio required. 


ATF 


Auto transmissions require 


fuel-efficient than manual units. 

a lubricant ‘fluid’ (ATF) from 
Clutch straw refined petrol, enabling 
The torque converter takes the place of the clutch in a manual smooth gear changes yet 
transmission car. It can also replicate the ‘direct’ connection of a providing a medium for the 


clutch. A torque converter clutch locks the turbine to the impelier, 
bypassing the torque converter, usually at higher vehicle speeds. 


Hold the ratio 


Hydraulic servos actuate the bands and clutches within the 
planetary gear set, holding individual elements of the planetary 


gear set stationary to create the different ratios. 
Stator boost 


The torque converter provides a degree of torque multiplication, 
which gives the car an extra ‘boost’ away from the line. This is 
thanks to the stator harnessing the kinetic energy of the rotating 


transmission fluid. 


ss 


Fluid pump 














Complex paths 





Compound planetary gear set 


This gear set looks like a single set, but 


A main pump is operated by 
the torque converter, sending 


The more gear ratios in 
an auto transmission, 


Hydraulic control 


The pump is housed between the torque converter and the fluid to the valve body. This behaves as a dual set to provide moregear the more complex the 
planetary gear set: the input is connected to the torque converter control centre sends fluid to ratios. There’s a single ring gear, plustwosun __ flow of power through 
housing and, thus, the engine flywheel. valves and servo pistons. gears and two planetary gear sets. the unit itself. 
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“The front wheels turn at 
Increasing differences of angle 
gs the steering is rotated” 


How to turn go cor 


Car steering 


Turning X into Y 


1. Basic principles 10. Fixed at the back 





ote ‘ The basic aim ofa steering The rear wheelsin the 

The ability to steer1s crucial } : system is toturnthe pictured example drive the 
7 ° 8. Steering ratio rotational instructions of car: theyare fixed and 

to a Car S Op eration J but This is how faryou turn the steering the driver into linear cannot steer. They form the 
wheel compared to how far the reactions at the front wheel. basis of the turning circle. 


how does it work? 


Rack and pinion is by far the 
most common type of steering 
system. Picture a flat rack with 
teeth cutin, connected to the 
road wheels. This is moved left or right bya 
pinion gear to which the steering shaft is 
connected. This turns the rotation of the 
steering wheel into linear road wheel input. 

Recirculating ball car steering is less 
common nowadays butis still seen on 
heavier vehicles such as buses. Itis a block 
witha threaded hole within, and gear teeth 
cut into the outside. The steering rod 
connects to the block —turning the steering 
wheel turns the entire ‘block’, moving the 
gear and turning the road wheels. 

Power steering lightens the load on the 
steering wheel by adding an extra set of 
muscles. Traditionally, a hydraulic pump 
was used, driven by the engine viaa belt. A 
piston is connected to the rack, with 
pressurised fluid either side. The pump 
supplies higher-pressure fluid to one side of 
the piston, which forces it to the other side. 

When turning a corner, the ‘inside’ wheel 
to the curve has to turna smaller radius than 
the outside. If designers didn’t allow for this, 
one of the wheels would ‘scrub’ on the road 
surface as the difference in distance was 
absorbed. Ackermann steering geometry is a 
way of setting up systems to avoid this. 

Ackermann geometry is created by 
moving steering pivot points inwards, which 
means the front wheels turn at increasing 





differences of angle as the steering is rotated. 


It means all wheels turn about the same 
‘turning circle’ iflines were drawn from 
their centres. If there were no difference in 
front wheel angles, there would be different 
turning circles for each wheel. 








London’s new 
cab driversare 
uch cheaper 

to employ 


200 


wheels turn. Ifone complete 


steering wheel turn results in a17 
degree wheel change, the steering a 
ratio is 21:1 (360/17=21). . 













5. Driver initiation 

Thedriver turns the steering wheel, 

which is directly connected toa Lae 
steering column. This in turn 

rotates the pinion, whichis 

attached to the steering rack. 
3. Steering 

leverage 

The wheels receive 

steering torque 








througha 
short lever- 
arm-the 
steering 
arm. 
6. Lock to lock limit 
The pinion is fixed but the 
9. Sporting rackis free to move withina 
focus —~ defined ‘lock range’ usually 
Lower ratio steering three full rotations of the 
racks are fitted to steering wheel. 
sportier cars. More mers past 
front wheel movement ngarm 
is generated from any connected toswivel pinball 7. Steering rack 2. Scientific definition 
given steering input, joints, to which the tie rods The steering rack is Acar’s steering system isan 
which enthusiasts are also attached. These encased within a tube for example ofa linear actuator. This 
prefer because itis feed the outputs from the protection. Tie rods attach is the creation of linear motion 
more direct. steering rack itself. to either end. when driven by non-linear motion. 
The Ackermann chavomens 
The Ackermann effect 
effect can beseen on cars 
parked with the wheels 


turned. One wheel will 
appear to ‘lean over’ 





: much more than the 
a Alter = sl = a other. In extremes, the 
ermann allows for this difference difference in angle 
angle by allowing the suspension . between them can be 
geometry to alter when the wheel is ; , ten degrees or more. 
turned. It allows the inside wheel to +t 
adopta greater angle than the outside. . a 
s 3 
. tt 
‘. = 2. Inside line 
| Straight and narrow = ; The inside wheel travels 
Ina straight line, all wheels sit parallel. ‘ it onatighter radius than 
shttledamaks pacha. hatarient See rhefetire thantn be 
u erefore it has to 
has to be done by the front wheels “ turned in more to 
(which is why front suspension is more compensate, else itwould 
complicated than rear suspension). scrub on the ground. 


1. Nano Air 2. Solar Eagle 3. Fire Scout 





i=) 

~ = Vehicle By 2013 Boeing aims to Northrop Grumman’s MQ-8 
25 The hummingbird-like NAV launch the Solar Eagle, a Fire Scout is a1,420kg 
Se is in development by solar-powered UAV unmanned helicopter, 
= AeroVironment, with the that’s designed which is currently under 
a intention of using it as a to stay airborne for evaluation by the US Army 
© flying robot spy. five years. and Navy. 





KX POOIKD CH RIK MOCK MReC OS decoys to fool enemy fighters and anti-aircraft guns 


Recon drones 


How do unmanned aerial vehicles work? 


Predator vs Global Hawk 


The Predator might bein wider use, but the Global 
Hawk dwarfs its brotherin terms ofsize and capability 








Anunmanned aerial vehicle 
(UAV) isa military aircraft thatis 
mae ees piloted either autonomously or 
” byremote control, designed to 
observe or interfere with enemy targets 
from the air. With no crew on board, it is 
capable of remaining operational fora large 
period of time and provide continuous 
reconnaissance from remote areas that would 
otherwise be inaccessible. 

Most recon drones such as the American 





unmanned aircraft development since its first 
flightin 1994, employ a propeller driven bya 
piston engine to fly at about 130km/h (80mph) 
for up to 24 hours. They carry visible and 
infrared imaging equipment in addition to 
radar and, on occasion, air-to-ground missiles. 
Asatellite relays ground-based commands to 
the aircraft and also transmits sensor outputs 
from the aircraft back to ground. Larger UAVs, 
suchas the US RQ-4 Global Hawk, are powered 
by jets and can typically stay in flight for 


®USAir Force 


Predator 

Length: 8m (26ft) 

Wingspan: 12.5m (4lft) 
Height: 2.1m (7ft) 

Endurance: 24 hours 

Cruise speed: 130km/h (8Omph) 


MQ-1 Predator, which has been a pioneer for around 36 hours. Altitude: 7,620m (25,000ft) 
@” 

. , Satellite 
Engine - A communications satellite in 
A101-horsepower geosynchronous (stationary) 
cope, commonly orbit relays signals between the 
seen insnowmobiles, ground station and the aircraft. 
powers the drive a 
shaft that rotates 
the twin-blade 
variable-pitch . 

See Altitude 


The Predator typically operates at 

a height of 7,620 metres (25,000 
feet) to allowit to view large 

portions of the ground below. 
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Global Howk 
Length: 13.5m (44ft) 

Wingspan: 35.4m (116ft) 

Height: 4.6m (15ft) 

Endurance: 36 hours 

Cruise speed: 649km/h (403mph) 
Altitude: 20,000m (65,600ft) 


Com 
The Predator is made ofa 
mixture of carbon and quartz 
fibres, together with Kevlar, 
while the carbon and glass 
frame provides insulation for the 
internal components. 


Top speed 

The aircraft can increase 
its speed from a cruising 
130km/h to 217km/hif 
needed, by altering the 
pitch ofits blades. 


Brownand green markings camouflaged 
the aircraft from above, while the black 
underside concealed it from the ground 
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The origins 
a I) 
of Airfix 
Airfix was founded in 1939 by Nicholas Kove, a refugee 
from Hungary who originally manufactured rubber 
inflated toys. The name ‘Airfix’ was chosen because 
part of the process involved fixing air into 
products. Kove believed that all successful companies 
should have their names at the beginning 
of business directories, and 
consequently the 
name ‘Airfix’ was 
born. After the Second 
World War, he switched 
to producing plastic 
combs, and was the 


) first manufacturer 
aL rol 
&Humb  — to introduce an injection- 


Ena —— moulding machine. 



















Lucky seven 


She carried seven crew: pilot, 


flight engineer, navigator, 


Lancaster 


Crowds in attendance at air 
shows throughout the UK will 
get the opportunity to see the 
only operational Lancaster as 
part of the Battle of Britain 
Memorial Flight. 


bomb aimer, wireless operator, 


mid-upperand rear gunners. 


Red Arrows Hawk 
There are actually ten aircraft 
in the touring Red Arrows 
team, as they always take 
along a spare aircraft. The 
dedicated ground crew are 
called the Blues. 


Bomb load 


The Lancaster came with a maximum 
normal bomb load of 6350 or 9,980kg 
(14,000 or 22,000lb), Grand Slam with 
venteletbece-isco)ercncondelcwelejenlenerc\a Nisin 

kits come with model bombs. 


Vulcan 


The delta-winged monster 
carried the UK’s nuclear threat 
for many years and most 
famously went on a bombing 
run from the UK to the 
Falklands in 1982. 





Battle of Britain Try Airfix for free 
The iconic Lancaster, Spitfire You can try out Airfix 
and Hurricane embody the modelling for free at many air 


shows across the UK in 2011. 
Just pop along to the Airfix 
marquee and the team there 
will let you have a go. 


skill and sacrifices made by 
RAF crews during WWII. All 
three aircraft are among 
Airfix’s best-selling subjects. 


ADVERTORIAL 


Long range 

The Lancaster’s range was 2,700 nautical 
miles. Enough to flyacross Germany and 
back again —as longas the crewstayed on 
course, which was almost impossible 
considering the defences they came upon. 





Though thesmoke 
trails look pretty ace for 
spectators, theirmain 
purpose is actually 
safety. Pilots use them 
to judge wind speed 
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2 Prolific in armies all cadets world, 
‘significantly since their conception at the start of the 20th Century, 


. * 


Insige ag war macnine 


Meme lento) (8) aero 
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now offering awesome levels of firepower, protection and agili 


mobile platform upon which various 
weapons can be mounted, as wellasa 
secure transport vehicle for soldiers in 
the theatre of war. Central to any tank’s design are 
three key areas: armour, mobility and firepower, 
which are intrinsically linked at a fundamental 
level, with changes in each area directly affecting 
the others. For example, ifa tank features super- 
thick armour plating, while excellent at protecting 
its mechanical components and crew, it reduces its 
acceleration, top speed and armament loadout. 





204 


Tanks work by providing an armoured, 


Today, the absolute pinnacle of tank design 
worldwide is demonstrated in the main battle tank 
(MBT) category of tanks, a series of high-powered, 
heavily armoured vehicles whose role consists 
primarily of direct/indirect fire support on the 
battlefield. Featuring large primary cannons that 
are capable of firing a range of high-explosive and 
kinetic energy penetrator (ammunition that has no 
explosive charge but relies purely on kinetic energy 
to penetrate armour) rounds, as well as 
autocannons, GPS/laser-guided missiles and smart 
submunitions, MBTs specialise in large-scale 


destruction of enemy vehicles and structures. 
Currently, arguably the pinnacle of the MBT category 
is the United States’s M1A2, a juggernaut thatis 
presently in use in the Iraq and Afghanistan wars. 
Weighing in at 67.6 short tons, measuring in at 7.93 
metres in length by 3.66 metres in width, fitted with 
a1,500hp Honeywell AGT1500C turbine engine and 
packing a120mm L44 M256 smoothbore cannon, the 
Mi1A2typifies current tank design. It’s fast-thinka 
top speed of 45mph with a power-to-weight ratio 
of 24.5hp/metric ton - heavily armoured, and 
insanely well armed. Composite plates made from 

















2050 Horses Monster Water Periscope 
Due to the prolificacy of the Tanks require engines The largest tank never to be The word ‘tank’ stems from Targets used to be identified 
M1 Abrams - in service in capable of serious hp. The built was approved by Hitler its development, with all by using a periscope and by 
Australia, Egypt, lraq, Kuwait, M1 Abrams’ engine churns in 1942 but later cancelled. It but the highest-profile opening the top hatch and using 
Morocco, Saudi Arabia and out over 1,500hp, exceeding was designed to use an members of government binoculars. Modern tanks use 
the US - it is predicted to the Bugatti Veyron, the 800mm Krupp cannon that told they were designing a light intensification and thermal 
remain in service until 2050. world’s fastest car. could fire over 23 miles. mobile water tank. imaging equipment. 
The M1 Abrams has been deployed in the Gulf, Afghanistan and Iraq wars 
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layered ceramictiles and forged metal 
matrixes are utilised by the M1A2 to 
mitigate the effects of shaped charges, 
while steel-encased depleted 
uranium mesh plating is used due to 
its high density to reinforce key 
impact zones, such as the hull front 
and turret. The L44 M256 smoothbore 
cannon, meanwhile, provides 
awesome range and round versatility 
—muzzle velocity lying at1,750m/s and 
max rangeat over 8,000 metres. 

Key, however, to the M1A2’s success 
and prolificacy is its advanced 
electronic control and detection 
sensors, electronic countermeasures 
and modern communication systems. 
Light intensification and thermal 
imaging systems help the M1A2 detect 
enemies while at night, in smoke orin 
poor visibility conditions, whilea 
fire-control computer collates 
information from the vehicle's laser 
rangefinder, ammunition payload and 


lead angle to ensure an accurate shot. 
In addition to these three core factors, 
the fire-control computer also tracks 
and utilises data from the M1A2’s 
crosswind sensor, pendulum static 
cant sensor, boresight alignment 
sensor, ammunition temperature 
sensor, air temperature sensor, 
barometric pressure sensor and 
target speed. 

However, despite the current 
inclination for heavily armoured, 
well-weaponed, one-role tanks-such 
as the Abrams Mi1A2 and British-made 
Challenger 2- cutting-edge tank 
design is seriously evolving, with 
increased versatility and greater 
mobility favoured due to the rapidly- 
moving nature of the modern-day war 
zone. Compromising a degree of 
protection and firepower to facilitate 
agility, tanks such as BAE’s CV90120-T 
and General Dynamics UK’s modular 
ASCOD SV are allowing nations to 





invest in multi-role vehicles, witha 
single-base chassis and hull, which is 
capable of being fitted with a variety of 
turrets, cranes, extendable bridges, 
med bays and earth movers 
dependent on the mission parameters 
and context. This way, no matter 


The ASCODSVadapts* 
oplese@e)elobiele)ers 


whether the tank is deployed in the 
heart ofa city or the open plains and 
hills ofa rural environment, it can 
quickly be adapted to better suit 
conditions, maximising its 
operational efficiency - not to mention 
its performance. 
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Abrams MiA1undergoing 
alive firing test 


| . 





© Baku13 


Acannon’s 
rifling 
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“The CVgo120-T s 720mm 
cannon con fire 14 high- 
explosive rounds per minute™ 


sWelcxeeyecbeetctele(sm-lelekelaisme)e. 
Abrams Mi1A1 undertaking 
manoeuvres in Baghdad, Iraq 






From its conception at the start 
of the 20th Century, the tank 
ehavemlecwae)(emovemsatsmes-laalsiilsel 
have changed massively 





High mobility is 
prizedin tank design 





1916 


Mark I 

sXe) aekelvimeadelsbelssren tone) c=-lanels 

ia cchered (lele)ekemacce@eRiicleclccmasen\iElacel 

was primitive and little more thanan 
armoured, 
enleleveccmelenalcae 
for soldiers to 
advance 
forward in. 


1. Challenger 2 


Arguably the most armoured 
and best-protected tank in the 
world, featuring state-of-the- 
art second-gen composite 
Chobham armour, the details of 
which are classified. 


2. T-90 3. Abrams M1A2 


Packed with the largest cannon d shar, — _. Avast suite of electronic 
(125mm) currently on a battle t. toll =" a * defensive systems and 


tank, the T-90 can fire high- 4 countermeasures, with a 
explosive and armour-piercing . 120mm main gun, 
rounds capable of piercing up laser-guided missiles and 


to 37 inches of steel. 50-cal heavy machine gun. 








ACopperhead 
anti-tank 
missile about to destroy 


adummy tank 





Apart from traditional high-explosive 
rounds, modern tanks are fitted with 
smart missile and shell weaponry 


From the M712 Copperhead laser-guided direct-fire round to the 
Mg82 Excalibur GPS guided missile, tanks now have various 
weapons systems available to them to destroy enemy targets. 
One of the most notable, however, is the SMArt 155, a recently 
released 155mm artillery round that delivers two autonomous, 
sensor-fused, fire-and-forget submunitions. Each submunition 
contains a high-penetration EFP warhead (a shaped charge 
designed to penetrate armour at a stand-off distance), that once 
separated from its carrier shell, descend downwards towards 
multiple targets, identifying their location through infrared 
sensor and millimetre wave radar. 





1. The tank fires a Flyingona 3.Astheround approaches 5. Thesubmunitions then both 6. Oncea target has been located, the 
the SMArt-155 parabolic arc, the the target area, a timer fuse deploy parachutes, independently submunition detonates its payload to create 
round. round progressesa ignites asmall ejector corkscrewing downwards and anexplosively formed projectile that 
set distance. rocket, dragging the two scanning for targets. penetrates the vehicle's weak top armour. 
submunitions out of 
the casing. ——_ — 4 
ial 
—— 4 4 , v, 
ge* “a 4.Thesubmunitions free Pp i 
—_— fall towards the ground. \ \ 


— ¥ 












Protection 
| Armour isa critical factor. Blocking 
| - | | and deflecting incoming 
3 , eg , kinetic energy penetrators (non- 
Three factors must be addressed ama yar Pmt 
, , titan is of foremost 

when designing a battle tank: a 
, : Tr importance — factors that have led to 
firepower, protection and mobility the development of composite 
he armours, which incorporate layers of 
fb onpeted : me ag ceramics, plastics and resin matrixes 
m tanks now have ~~ z=. —_ Fs a8 , between steel plates. 

large, smooth-bore cannons — a —_ 

i ase ee ae zt = -] : Lee Mobility 
estruction, as well as -—} is -—— :  s Mobility is increasingly important in 
laser-guided smart missiles saad eS eee eit tanks, driven by the rapidly 
for long-range, tactical moving nature of the modern 
strikes. However, the level of battlefield. Tanks must be able to 
firepower is linked toa traverse a variety of obstacles and 
tank’s armourand mobility terrains, as well as remain active for 
levels, with anincrease in lengthy periods, capable of great 


cannon size leading toan 
increase in hull/chassis size 
to maintain stability and 
firing accuracy. 


1960 1972 1980 


M4 Sherman M60 Patton T72 M1 Abrams 

WM atcpoyetentcbatarclelcanince! Asecond-generation main battle tank, the M6o The Russian . The most famous third- 

by Allied forces during was one ofanew counter to the T= z recep ele eclalelepeitsdeewerclan (cn eclele 
WWIL, the M4 Sherman breed of fighting M60, the T72 § idetew\/GUave)ecbentpece)telaceasels 


operational ranges. Mobility is 
compromised by the weight of the 
tank’s armour and the size and 
number ofits weapon’s loadout. 





was mass produced vehicles that was was the most a = WW (oTok= tele e)ce)eredselache)(asslees 
(with over 50,000 built) ; highlyversatile, commonly used tank until the collapse of (e) d=) (se aceystierstelekaeilebicas 
and delivered greater eldeatcletclelecpeloterss the Soviet Union. It delivereda systems to tank design, 
etele)itiavecteteelasjeley nyse used to clear mines lightweight, small-framed unit witha including GPS and smart 
idatcbewels(e) ces and lay bridges. massive 125mm cannon. missile countermeasures. 
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How does cruise 
control work? 


Why is it possible for some cars to 
regulate their own speed? 


Cruise control allows your car to maintain or alter its speed without 
the manual compression of the pedals. It is usually controlled by 
buttons ona steering wheel. Cruise control systems control a vehicle 
in the same way that the pedals do, namely by adjusting the throttle 
position of the engine. A throttle valve controls how much air an engine takes in 
and ultimately its speed. Cruise control systems control this by using an actuator 
attached toa cable. This cable is attached to a pivot that controls the throttle valve 
and also the pedal of the car. As the speed is increased using the buttons, the 
actuator (powered by an engine vacuum) pulls the cable, which in turn releases 
more air into the engine by altering the pivot and also pulls the acceleration pedal 
towards the floor, as ifyou were pressing it with your foot. The opposite is true for 
deceleration. Cruise control systems adjust the throttle to accelerate towards the 
desired speed ata decelerating rate, so that it does not overshoot. 











Acceleration Radar 

_ Ifno car or obstacle is detected in front, Behind the grille ofa 
~« the system opens the throttle valve and vehicle, a radar 

-- = accelerates the carto the desired speed. headway sensoris 


able to calculate the 
distance to the carin 
frontand its speed. 








“Cruise control systems 
control a vehicle in the same 
way that the pedals do™ 


Cruise corntkrokb~AbHew electric Dikes work 


Electric bikes 


Feeling too pzy te pedal? Why not 
let a motor do the legwork for you... 


Anyone who's ever ridden a bicycle with a dynamo light 
should get an idea of how electric bikes work. With a dynamo 
light the kinetic energy of the spinning tyre turns the dynamo, 
transferring energy and ultimately powering the light. 
Electric bikes work oppositely. Adynamo of sorts, in this case a battery, 
produces energy that transfers to kinetic energy in the tyres and moves 
them forwards. 

Atypical battery in an electric bike will have approximately a quarter of 
the power ofa toaster, 350-500W. The batteries need to be able to store as 
much poweras possible, and for this reason lithium-ion batteries (like the 
ones in your mobile phone and computer) are most commonly used. They 
can often be taken out of the bike and recharged by being plugged intoa 
standard mains plug socket, and most bikes will give upwards of 80km 
(50 miles) of battery-assisted riding. The battery powers the motor, which 
will normally increase the speed by about double what the rider is 
pedalling, up to a top speed of 32km/h (2omph). 


Inside the EBCO Eagle electric bike 


A look at the key parts of this motor-driven bicycle 





Battery Throttle 

Givinga range of 16-64km (10-40 Athrottle on the handlebar activates 

miles) anda top speed of 2omph, the the battery, which in turn drives the 

battery is activated manually and motor that will assist in turning the 

supplies power to the motor. wheels of the bike. 
® --~~ @ Transmission cable 


~~~ Electric wire 





© EBCO 


cS 

E Motor Controller 

S The motor works The spokes ofan Acontrollerin the 

§ oppositely to one you'd electric bike are throttle system adjusts 

s find in, say, an electric much sturdier than the power distribution 

S toothbrush. Instead of the those ofa regular bike, to ensurea smooth ride. 
bristles (hub) being as they have to Without ityou’d go from 

Deceleration turned, the toothbrush withstand the large astandstill to top speed 

If the car in frontslows down, asignal Intelligent cruise control can detecta car or (wheel) ismoved by the turning force (torque) with nothingin else 

isimmediately sent to the engine to obstacle up to 150m (492ft) away, and operates at stationary bristles. the motor creates. between. 


begin braking. 


speeds from 32-177km/h (20-110mph). 
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Piston 

The piston moves up and down within the 
pressure tube. The piston head is perforated 
toallowsmall quantities of highly 


WX ROBE HOCReDOME kEXlocation for the longest traffic jam in the world, tailing back 96.5km [6omi] 
pressurised oil to filter through, slowing it | 


Shock 2" 
absorbers | 


How do these devices dissipate 
unwanted motion and improve 












a passenger's comfort? me 
Shock absorbers are fitted directly connected to the shock’s 
to the majority of modern piston rod and head, meaning that 
vehicles to control the any relative motion between the 


unwanted motion inflicted upon 
their spring-mounted suspension. 
They achieve this by absorbing the 
vibrational energy stored inthe 
springs when compressed or 
elongated through the medium ofa 
hydraulic, fluid-filled cylinder. The 
shock absorber is attached to the 
vehicle’s frame and axle by two 
eye-mounts, located at the top and 
bottom ofits body. The top mount is 


5. Ghost 

By the time the trafficat the back 

of the shock wave reaches the point 
of the original incident, the causes 
ofthe jam are long gone. 


vehicle's frame and the axle causes 
the piston to act- moving either up 
or down - against the cylinder’s 
internal hydraulic fluid. The 
piston’s movement reduces the 
vibrational energy stored inthe 
vehicle’s springs — caused by the 
roads uneven layout -and 
equalises it through the resisting 
force generated by the pressurised 
hydraulic fluid. 


4. Acceleration 
The offending vehicle A has now 
completed its manoeuvre and left the 


motorway. However, acceleration isstill 
hindered and slowed by traffic density 


and vehicle limitations. 


_ 1. Error 
- Thetrafficshock wave 
begins when a vehicle, 
= travelling at the road's stated 
speed of 96km/h (60mph), 
manoeuvresat the last 
minute. In this example, car aa 
Aswervesacross car B, 
causing the latter to break to 
80km/h (50mph) in order to 
remainata safe distance. 


a 


“ 
































Valve Shockabsorbers are connected to the 
Thevalve is positionedinthe # vehicle at the top via the upper mount, 
base of the pressure tube and and the wheel bythe lower mount. 
controls the flow of hydraulic Vibration from springs is transferred to 
fluid between the pressure the piston head through the upper mount. 
tube and reserve cylinder. - 

aN se 
Pressure 


The pressure tube is filled with The majority of shock absorbers 


hydraulic fluid, which, when 4* featurea reserve cylinder 
compressed by the piston head, . & exteriortothe pressure tube. This 
absorbs the spring’s vibrational energy. ia stores excess hydraulic fluid. 

























IOV /do.t 
ns. 


al ave wondered why traffic j jams rd 
eem to appee rfor no reason?’ ay 
ead on to find out What causes them 


ie 


- 









- 


3. Domino 
5 This braking effectisthen transferred to each 
following vehicle, the total speed of the cars 
decreasing the further back in the chain they 
are, until standstill is reached. Often the 
shock wave travels over 2km (1mi) to the rear, 
leaving drivers completely unaware ofthe 
cause oftheir deceleration. 


A 


2. Impact 
Theimmediate impact ofthe 
erroris that the vehicles 
behind carsAand Bmust 
break suddenly to 72km/h 
(45mph) to avoid crashing 
into them from the rearas 
they brake. This applies to 
vehicles in all three lanes, as 
car Acrosses each of them to 
exit the motorway. 









‘If electricity is the power of the 
future, sourcing and managing solar 
energy will become Key to this” 





Solar-powered venicies 


The Statistics 


The Turanor 


Bhe propeller steers 
the Tixanor forwara@ 





Length: 31m 
Width: 15m 
Height: 6.1m 
Weight: 95 tons 
. Surface of solar panels: 
’ 536m? 
. Power from solar energy: 
. ' 93.5kW 
ree, Solar panel efficiency: 
18.8 per cent 
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8 Sailing boats have alwaysrelied —— 
-on ‘free’ power: the Turanor- == =~ 
aims to replicate this with far less~ ~~ 


—_ 
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Big battery ie — 
536m?of photovoltaic panels cover the topof the 


Discover the planes, boats and Rano These supplyeleicytotelarest 


lithium-ion battery in the world! Theyacht can” 


Cars that mn On Sun power ert wc, ee 


The Sun isa bounty of free energy, and 
pass. harnessing its power has beena 
challenge occupying inventors for 

# years. Nowthough, new machines are 
being developed that are powered by only energy 
from the Sun: the best are capable of some 
remarkable feats. It has long been the dream to 
utilise this democratic energy of the Sun. It costs 
nothing, is available to everyone across the planet, 
and makes consumers independent of fossil fuels. 
Unlike oil or gas, the Sun won't run out in our 
lifetime. This is why there is a growing 
determination to crack the solar code. 

Vehicles are ideal objects to be powered by the 
Sun. They do not stay static in one location so they 
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can avoid shade and even angle themselves for The sheer size ofthe 


best solar capturing. They can also utilise other Tiiranor is impressive 


energy-generation methods such as kinetic 
regeneration to supplement solar power. 

There is an obvious downside to solar power too, 
though. What do you do when it gets dark? Orifit’s 
cloudy? The problem of managing motion when 
the Sun is in is the real challenge. Until now. Would 
you believe there is nowa solar plane that can fly 
around the globe? Or solar cars that can travel from 
one end of Australia to the other? 

If electricity is the power of the future, sourcing 
and managing solar energy will becomea key part 
of this. Will these planes, boats and cars be 
shooting you round the globe in years to come? 


5x images © PlanetSolar 2010 


a effort: let the Sun do the work —__-— 
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Solar ferry Auriga Stanford Solar Car Project Power of One Prius roof 
The only ferry allowed to Toyota cars are shipped A student-run organisation This Canadian one-seat S Toyota’s Prius Hybrid has a 
carry people across London across the globe using set up in 1989 to help electric car weighs 300kg, solar panel fitted on its roof. 
Hyde Park’s Serpentine lake solar-assisted vessels. The members learn and develop is 5m long and has a top When the car is parked it 
is the Solar Shuttle. Solar Auriga has enough PV cells solar car theories. On speed of 75mph. It has set a powers the ventilation 
panels on the roof power a on its deck to supply 40kW two-year cycles, students distance record of 9,940 system, so the car remains 
lead acid battery. of electricity. design and build solar cars. miles and is ‘open source’. cool inside on a hot day. 


Space vehicles combine solar power and electrical propulsion [such as ton drives] for high exhaust velocity 


Tinh, = ana) FTE 

i —— ee OW Goes a 

| pT EEA solar cell work? 
) ae a Hii The theory of solar electricity 


Pep eng generation is ‘literally’ exciting - 
FHT FHT 8 it’s all thanks to the effect of light 
on certain elements and was 
investigated by several 
physicists, including Einstein 


Is Solar cells convert sunlight into electricity through the photovoltaic 
effect on a semiconductor. This is where electrons are emitted from a 
material that has absorbed energy from electromagnetic radiation 
suchas sunshine. These are photoelectrons. Photovoltaic cells work 
on the same principal, but work on any light source, not just sunlight. 

Individual solar cells are connected together in a module. These 
are then interconnected to other modules, forming an array. This is 
covered by a protective material to create a solar panel. Depending 
on the materials used, such panels can be highly flexible. 
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_.. Electric range" ~~ ~__ Carbon fibre for Low drag, high speed __ 
Seems 0-1/0) 10 Ol o\=) | (=) mn (©) 0 NY.0(=) (0 | 0 | The Turanorisa multihull 
" Batteries can store enough” "The Tiiranor weighs 95 tons -by “= Catamaran yacht. This helps it slice 
energy to drive the Tiiranor boat standards, thisis very light.It-—— through the water using as little 
for three days—and that’sat <= isbecausethe hullisconstructed..._ ©M€rsy aspossible; itisan efficient, 
aspeed of 7.5 knots. Go ___fromacarbon fibre sandwich. This low hydropneumatic drag method. 
SCyiicectaesidectaballebioanie ismadeup of20.6tonsofcarbon ~~~ tamaranscanalsohelpreach 


P . wa t — — ee a9 ie “ ° 
a eee ease i agen = a | Electricity produced is used to power most objects that run on 


34,000 milest == —— | electric— from lights to cars. Consumer solar panels are often 

— connected to batteries. This ensures the power that is not 
immediately used can be stored for later use, so it is not wasted. 
Efficiency of today’s solar panels is, however, only around 10-20 per 
cent. This will improve in the future. 


—__ == 





1. Photon of the Sun a road 
Sunlight contains photons: these The composition of the p-n 
hit the solar panel and are absorbed (positive-negative) junction means 
by the semiconducting materials it electrons can only flowinone 
is constructed from -a common direction. The arrangement of the 
product here is silicone. solar cells channels these atoms 
into an object that consumes them. 

Silicon 
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aa—/! ~~ a 
: The absorbed photons 

The route. oe New Yorks > ‘knock loose’ negatively 5. Influential doping 
Efficiently circumnavigating the globe in San Francisco #4 . | Abu Dhabi charged electrons from Ap-n junction is created within 
a boat means working with the waves. nd , - sh . a atoms within the structure. the silicon lattice by ‘doping’ - 
Energy can beconserved ifyou go with that’s introducing a section of 
the tides rather than against them, so . 4. Semiconducting solar impurity within the otherwise 
following the path of ‘least resistance’ Electron transfer occurs at the p-n pure structure. This changes the 
around the world is the way to go. junction. This is what makes the electrical composition and is 

To maximise publicity, the Tiiranor is solar cella semiconductor, where the electronic action occurs. 
stopping over in cities such as New York 
and Abu Dhabi. The route therefore hugs 6. Digging the hole 


The work of the photons creates a ‘hole’ tn the covalent 
bond between atoms. Atoms therefore move sideways 
to fill this hole. This flows through the lattice. 


the US coast and takes a direct route 
across the Atlantic to minimise distances. 
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As wide as an Airbus 

Thewingspanof the Solar Impulse is so broad, it equalsan Airtuilt N40. 
There are 12,000 photovoltaic celiscoveringa 200m area: they boast an 
elficienicy fiftiveol TBE cont: This enereydenttyol thabattery's 240kWh/ 
ke The accumilators weigh 4o0kg: more than a quarter of the entire plane! 








The lmpuise’s 


The Statistics , wingspan 


compared to that 
Solar Impulse of an Airbus A340 













a. 

ale NF 
Length: 21.85m 
Wingspan: 63.40m 
Height: 6.40m 
Weight: 1,600kg 
Motor power: 
4x10hp electric engine 
Solar cell count: 11,628 
Average flying speed: 7O0km/h 


7 | , - 
== '/ §& Solar Impulse 
Constant watch y = 


The batteries need thermal 
insulation to retain its heat: at 
8,500 metres, it can be subjected 
toa temperature of -40°C. The 
plane is in constant air-ground 


The Solar Impulse has been designed to fly around 
the globe under solar power alone - day AND night. -=— 








communication and hundreds of “a 
parameters are observed by the 
management system. -- — 
‘ 
‘ 
i 
7 
4 
4 
z 
Electric motor props t 
Propulsion comes from four pods beneath the q 


wings, each containing a1ohp electric motor 
and polymer lithium-ion batteries. A gearbox 
Wientiechdetcpcele-laleetea—- (oem jon anatene) tele 


propeller to 400rpm. 





Asimulator will modify routes to 
help the ground team work 
around air space restrictions 


Carbon fibre rich 


Carbon fibre is an integral a 
construction material. The upper 
wingisaskin of encapsulated 
solar cells, using145-micron 
monocrystalline silicone. 
Beneath the wing thereisa 
flexible film: these two 
surfaces encase 120 carbon 
fibre ribs, which give the 
aerodynamic profile. 













The route is essential to ensuring the 
plane finds itself in clear, cloud-freeskies 
at sunrise, to charge the batteries. The 
exact route will only be decided a few 
days before the run, based on 
meteorological information. Asimulator 
will examine 5,000 key parameters — 
winds, temperatures, air humidity and 
turbulence - before selecting the route. 
The simulator will propose modified 
routes for the plane in ‘real-time’. 


5 x photographs © Solar Impulse 
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Solar-powered car (plant) 

Seat plans to design a car plant that could one day be entirely powered by 
solar energy. The roof of the Martorell plant is covered in solar panels as Spain 
looks to become independent of fossil fuels by harnessing the Sun’s energy. 




















Solar ability 
The body is covered in pyrite solar film, which lia in 
harnesses electricity to power the operating = — 


electronics and recharge the battery. 






The electric car with the 








self-charging body 
re 

, Solar efficiency 
Cars have used all Using digital prototyping NLV 
orts of ener semiconductor. This offers an eas 
SOU rces but e Sun efficiency of 38 per cent and peak 
h a csn't be en one of efficiency of 50 per cent. 

them. Until now... 


Solar-powered cars don’t offer the 
flexibility of battery-electric or 
hydrogen power, but theyarea 
tantalising prospect. Ifstructures can 
be made light enough, and solar 
panels efficient enough, solar power 


could provide a useful 

complementary source to other Luxury car 

means. This has been driving The four-seater 

enthusiasts for decades, but now, pide ei 
start trials. 


international competitions have 
reached the mainstream. 
Australia’s World Solar Challenge, 
for example, has been running since 
1987 and demands competitors cover 
1,877 miles between Darwin and 
Adelaide. Battery capacity is limited 
to 5kWh, and the PV area to 6m’. 
Batteries can weigh no more than 
21kg and the cars are run on public 
highways so must be fast enough! 


e Statistics 


Four 150kW in-wheel electric motors are powered 
bya modular battery running down the centre of 
the car-various chemistries can be installed. 


© Quant 





Manufacturer: Koenigsegg 
Weight: 1,680 kg 

Class: Electric vehicle 

Body style: Gullwing 

Power: 600kW (4x150kW), 
800bhp 

Top speed: 377km/h (234mph) 
Price: TBA 


The Statistics 


Lotus Eco Elise 












Eco Elise 


Innovative sports car maker 
British Lotus is thinking 
green with the Eco Elise 


Manufacturer: British Lotus Pett ot engine 


Weight: 828kg It uses a conventional 


Class: Sports car AS arm but ea 
Body style: Roadster , mean 


Power: 134bhp more efficient. 


Top speed: 204km/h (127mph) 
Price: TBA 





1). so charge doesn’t have > 
a hee oe rab ge “Ai ) amet a: 
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In time, thewhole 

combustion engine 

could be replaced bya ' —) | Most of the body panels are made from 
battery-electric setup. tmeee renewable hemp while all paint is water-based. 
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“A combustion engine operates 
by harnessing the energy of 
Intermittent explosions © 











The internal combustion 
engine (ICE) continues to 
power the world over 100 
years after it became 
mainstream. In fact engineers still 
haven't found a viable way to better it. 
Combustion engines comprisea 
cylinder, within whichis housed a 
piston and connecting rod. The piston is 
attached toa crank at the bottom, and 
as it moves up and down in the cylinder, 
the crank rotates. Importantly, this is 
how power is transferred to the wheels. 

The force driving the piston is created 
at the top of the cylinder, in the 
combustion chamber. A combustion 
engine operates by harnessing the 
energy ofintermittent explosions, lots 
of them in succession every minute. 
This converts a tiny drop of fuelintoa 
force that turns the road wheels, driving 
the car. Most engines run these 
explosions right on the cusp of them 
becoming uncontrollable - that’s where 
maximum power is produced. 

Through a series of valves, a fuel and 
air mix enters this chamber, and is 
compressed. It is then either ignited 
(petrol) or spontaneously combusts 
(diesel); the resultant explosion kicks 
the piston back down in the cylinder. 





The four-stroke engine explained 


intemal combustion 
engines 


A metal box of fiery explosions that 
has transformed the entire globe 





© 
duplicity means biggest ‘bang for buck’, 
though car makers must balance fuel 
usage. More cylinders usually means 
more fuel used, and the optimum is four 
cylinders ina line, but they can also 
form V-arrangements or horizontally \q 
opposed layouts. 

Engines are measured by various 
means -in Europe, litres or cubic 
centimetres (‘cc’) are familiar, while 
the United States use cubicinches. All 
measurements refer to an engine’s 
displacement: the total volume swept 
bya piston ina single movement. Often, 
instead ofadding more cylinders, 
engine power is increased by boosting 
this swept volume. It’s the difference 
between a1.6-litre and a 2.0-litre 
four-cylinder engine. 


Crank 


Converting fuel to drive 


The principle of a combustion engine is straightforward - converting 
the potential energy ofa fuel into mechanical energy by releasing it 
through combustion - but hundreds of components must workin 
unison to achieve it. That such complicated mechanisms are mass 


produced is further proof of the brilliance of the concept. 


STAGE fF 





ONE 





Translates the linear motion 
from the pistons into rotation. 


Piston 


Transfer forces from expanding 


gas inthe cylinder to the 


crankshaft viaa piston rod or 


connecting rod. 








Engines are made of several nln ee Cony 
cylinders, whose individual pistons are ‘suck’ stroke ’ 
connected toa common crank. This squeeze 
4. Inlet 

The crankshaft transfers the 2. Inlet opens closes 2. Pressure 

linear motion to rotary Acam rotatesand Asthe piston rises lu 
opens the inlet reachesthe Astheinietvatveis Atthe to i az 
valve, letting a fuel- bottomofits alsonowclosed, the samad'edielen 
air mix enterthe travel,the chamberisshutoff- the ole lug 
combustion intakevalve sotherising piston in San 
chamber. closes. willcompressthe is primed with 

; . mixture. icity. 

L 3. oi electricity 
plunge : trapped ; 3. Heat 
The piston is pulled Theexhaust 1, Piston rises rises 
down withinthe valveisclosed, Now,the rotating As pressure 
cylinder bya meaningthe crankispushingthe increases so 
conrod connected fuel-airmixture —_ piston back upwards does heat in 
to arotating crank. cannotescape. inthecylinder. the chamber. 








1. Fiat 500 0.9 TwinAir 
two cylinder - 69mpg 
Dual cylinder engine is 30 per 
cent more efficient than same- 
size four cylinder units thanks to 
low internal resistance and 
cutting-edge technology. 


2. Fiat 500 1.2 16v - 
59mpg 

A regular 1.2 engine, with 
no clever gadgets but a 

low production cost for 
mass market sales across 
the globe. 


3. 500 Abarth 1.4 
T-Jet 16v 160 
Esseesse - 43mpg 
1.4-litre turbo is tuned for 
all-out performance, 
producing an incredible 
160bhp in the tiny city car. 





Some scientists say we will never see the end of the internal combustion engine 


Fuel iryector The DiesOtto engine uses 

unleaded petrol, but has the 

benefits ofa diesel 
Combustion 
chamber 
Where the fuel 
isignited and 
burned. 


AN Exhaust 
, \ 














Direct fuel injection is becoming popular -this 
injects fuel straight into the combustion 
chamber during the compression stroke. It 
maximises the cooling effect of fuel and allows 
the engine to runa higher compression ratio - 
economy and power both improve. 

Combining direct injection with a turbo isa 
further efficiency: it combines a turbo’s bang 
while eliminating its characteristic 





Lotus’s Omnivore 
b ] engine willrun onany 
liquid fuel 


Honing a theme 
with technology 





Makers will develop this concept in the future 
with more intelligent solutions. 

Several firms are exploring the DiesOtto 
concept. This mixes a diesel’s compression 
ignition ina lean mode, with the spark ofa 
petrol engine when more power is needed —-in 
the same powerplant. Units are already 
undergoing testing, by firms suchas 
Volkswagen and Mercedes. 










An external combustion 
engine works through heating 
up an internal fluid by an 
external source. Think ofa 
steam train: an open fire heats 
up fluid through a heat 
exchanger - the expansion of 
this fluid drives an engine. 
This fluid is then cooled back 
down again, before being 
reheated and expanded. The 
principal is why steam trains 
require lots of water coolant. 





ignites the compression ratio. Some makers even include Lotus is working on a two-stroke engine 
se reseed re variable valve timing as well-thesesuper-high called Omnivore. Using charge compression 
ecioane oe tech engines are in showrooms now, proving witha moveable section cylinder head, this 
they can be made fora competitive price. alters the compression ratio from 10:1 to 40:1. Asimple route to more 
Further afield are variable displacement Valves are in the cylinder walls, and fuel is performance is to make the 
ined Valve engines. Intheir most basic form, these ‘turn injected direct into the cylinder. It’s called engine capacity bigger. This 
Cyli off’ engine cylinders in low-demand situations. |Omnivore because it can usea variety of fuels. allows it to burn more fuel. 
You can do it either by adding 
more cylinders, or making 
STAGE 2 3.Pressure STAGE individual cylinders bigger. 
THREE " peak pushes FOUR Increasing the compression 
Power it ‘ a piston Exhaust ratio also produces more 
stroke e pressure of the k power, but this cannot be 
_ hot gases forces stroke d limitlesslv. M 
‘bang’ thepistonback ‘blow’ one limitlessly. More 
sowndin the accuracy in injecting fuel also 
L Spark -_ a chamber. 1. Heat drops valve is ups efficiency. 
plug fires = o Heat in the chamber opened. Adding a turbo forces more 
The electricity in a] will have dropped as Through this, air and fuel into the cylinder, 
the plug producesa | lj the piston reaches old exhaust at higher pressure. And with 
spark that ignites a the bottom ofits gases are hirhoeneines-coolin 
the compressed | travel again. cleared. : alguteees 
baal aly ente: incoming air withan 
tiem 2. Remaining oS 4. Cvcle intercooler means greater 
’ eat / re — expansion upon compression. 
2. Mixture rotates transferred .> cee Perfecting what's already 
ignites Thisforceis  Anyremainingheat - begins when the there also increases 
The mixtu re transferred to the is transferred to the piston reaches performance - polishing inlet 
quickly ignites, crankshaft, | engine water - the top - this is 
rapidly increasing turningit-which coolant, asthe the principle of and exhaust ports allows vig 
heatandproducing ~ ; eventuallyturns _ pistonstartsan the ‘fourstroke to flow iia which can give 
exhaust gas. Sa the road wheels. upward stroke. engine’. huge gains. 
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US NAVY BLUE ANGELS 


Display pilots are real-life Top Guns. 
Read on to find out how they can 
manoeuvre their aircraft with 

such extreme precision 






Red Bull 


Air Race 


The ultimate motorsport? 


The Red Bull Air Race markets itself as the 
ultimate motorsport. It’s similar to car 
auto-testing, in that the pilots follow a route 
through and around a series of obstacles. 20m 
(65ft) tall air gates are used for the 5-6km (3-4mi) 
course. These hollow tubes are held erect by air 
compressors and are quite delicate so as to avoid 
damaging the aircraft. Some gates must be flown 
between normally, and some must be negotiated 
while flying at 90° to horizontal. Time penalties 
are added for bad form, breaking rules, or 
clipping gates. The course is three-dimensional, 
so vertical turns (loops) are included. 


The two aircraft that fly in the race - the Edge 


540 and the MXS-R -are very similarin specs. 
Both are made from carbon fibre, their engines 
produce up to 350bhp, and the race rules limit 
them toa maximum of12g during manoeuvres. 
The Red Bull pilots must wear special g-race 
suits and recline their seats by up to 40° to cope 
with the extreme gravitational forces. The pilots 
are all active aerobatic air show display pilots, 
and must fulfil minimum criteria set by the Red 
Bull Air Race Committee. 





Dream teams 
around the globe 


Aerobatic stunt teams 
come from all over 


« Frecce Tricolori (Italian Air Force) 

¢ Red Arrows (Royal Air Force - 
United Kingdom) 

« Blue Angels (United States Navy) 

« Snowbirds (Canadian Forces) 

« Cartouche doré (French Air Force) 

¢« Saudi Hawks 








(Royal Saudi Air Force) 


Very few of us will have been lucky 
enough to fly a jet aircraft, and fewer still 
have had the privilege to do so 
professionally. Of the thousands of 
people around the world who are pilots, only the 
best of the best are trusted to represent their 
profession or their country as display pilots. 
Thrilling the crowds by flying unbelievably low and 
fast while pulling huge g-forces, the highly skilled 
display pilot is able to take an aircraft to the very 
edge of what it, and the pilot, can withstand with 
such precision that they can do it in tight formation 
with their team mates. Every death-defying display 
is planned, rehearsed and scrutinised in minute 
detail, with the pilots and their aircraft optimised 


a 
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for their display role. Advanced simulators are also 
used to rehearse the displays, which is both safer 
and less expensive than real flying. 

The Royal Air Force Aerobatic Team, (The Red 
Arrows) and the United States Navy Flight 
Demonstration Squadron (The Blue Angels) are two 
of the most respected air display teams in the world. 
Similar in many ways, they both use the diamond as 
their signature formation, and havea pair ofsolo 
aircraft to perform the more aggressive stunts. 

To bea Red Arrows or Blue Angels pilot requires 
more than 1,500 and 1,250 flying hours respectively. 
In both teams, the display pilots are chosen for their 
above-average flying abilities and outstanding 
personal attributes. The aerobatic displays are 










Aplane inaction atthe Red 
Bull Air Race World 
Championships 2010, 
EuroSpeedway, Germany 





A . ae ee 








actually flown by the formation leader in each team, 
who guides the group around the sky and signals 
over the radio when to make turns. The other 
aircraft concentrate on staying in precisely the right 
position off his wingtip by lining up visual cues, 
such as wing edges, aircraft features and letters or 
symbols, and maintaining this exact picture to 
ensure they are in exactly the right place. The pilots 
develop a sense of where everyone is at all times, 
through rehearsal and repetition. They also develop 
a sense of where dangerous slipstreams (jet washes) 
are, as the jets generate turbulent air behind them. 
Standard procedures place the responsibility on 
each pilot to avoid collision in a specific order (the 
leader avoids nobody, they avoid him), adhering to 
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clear exit instructions and routes, which are practised in real 
flight and on special simulators. 

Aircraft modifications are made to comply with the demands 
of aerobatic flight. The Red Arrows havea modified fuel 
delivery system to improve engine response time, while the 
Blue Angels fit a control stick spring system that gives the pilot 
far more feel and precision of control, by applying a significant 
resistive force to his inputs, and requiring the pilot to maintain 
a substantial 18kg (40lbs) rearward force on the stick to 
maintain level flight. Both teams also modify their aircraft to 
generate spectacular smoke trails for the display. To achieve 
this effect, oil is sprayed into the jet exhaust from special tanks 
fitted where there would normally bea gun. 

The most obvious difference between the two teams is the 
aircraft they fly. The Red Arrows use the single engine BAe 
Systems Hawk T1A, which is the current fast jet training aircraft 
used by the Royal Air Force. The Blue Angels fly the aircraft 
carrier-based Boeing F/A18 Hornet, which is a current frontline 


; ; rear seat is higher than the front, giving the 
combat aircraft with two afterburning engines. The Hornet has instructor a clear view. The Red Arrows fly 
far greater performance than its counterpart. Itis larger, more their displays with rear seats empty. 


powerful, has an advanced flight control, radar and weapons 
system, and when not displaying, isalmost twice as fast as the 
radar-less Hawk. 


The Blue Angels have flown 
several differentaircraftin 

their 65-year history. Today 
they fly F/A-18 Hornets 








“Aircraft modifications are 
made to comply with the 
demands of aerobatic flight” 


~Stuntmen of the skies 


Anatomyof —~...> 
a Red Arrow << 


The BAe Systems Hawk T1 has 
been flown by the Red Arrows 
since 1979, and has some 
unique modifications 

Pilot 

The Red Arrows Hawk T1A is not just for entertaining crowds. 


If required, the Red Arrows are capable of fitting a pair of AIM- 
9 Sidewinder missiles and a30mm cannon. 


























The tandem cockpit is arranged so that the 


Altitude 
Able toreacha 
maximum height 

of 14,545m (48,o00ft), 
the Red Arrows 
rarely fly so high, 

as most flights 

are within UK 
airspace and soare 
relatively short. 









Airframe 


Thealuminium alloy airframe of the 
Hawk T1A is heavily engineered to 
handlea lot of abuse. In Red Arrows 
service it performs7g manoeuvres, but 
itcan goto +8g and -4gif required. 


Supersonic 

The Hawk reaches Mach 0.88 in level 
flight, but can achieve Mach1.15ina 
dive, which allows trainee pilots to 
experience the transonic (sound 
barrier) region of flight. 








How to perform... —3.co! 5 CrossOver ere arisen feOW 60 perfor... 
The inner two aircraft pull up and Tete cabeiaunees aircratt NOAang 90 tOWwar ue 

A Red ArrOWS _itintowardseachotner crossing S0¥eragain,and other theouterpairaiso A Biqye 

th cathe me Sa “pepe es appeartomisseachother crossina7ghorizontal se 

gypo break re ‘ an ne 6 bymillimetres.Thisisan turn, withall four echelon with 
BEEBE ns ese opticalillusion, however,as aircraftseeming to 

The gypo break is a spectacularly there are actually several OOCDY the same spot for sneak pass 

fast, disorientating, four-aircraft Jee Jae metres between them. iti nein 

manoeuvre with colouredsmoke, 2 2% Breaking all of the rules by rolling 

performed while heading directly WW an echelon left formation the 

towards wrong way, this classic sequence 

hasa surprise ending 

1. Formation 2. Uncomfortable 

Four aircraft, in line abreast but 

slightly, fly directly towards the centre of the os eee BPS ga 

crowd. From the ground their position 4. Roll aucte perform a negative g, 

makes them appearvery close together. The outer two aircraft inverse barrel roll, unpleasantas it 
maintain straight and forces your blood to pool in your head. 

2. Smoke level flight, but 

The four aircraft begin injecting diesel perform simultaneous 3. Attention 

and coloured dye into their jet exhausts 360° rolls away from Continuing their slow roll, the echelon 


to create the red and bluesmoke trails the inner aircraft. 4a 


behind them. 
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draws everyone’s attention away from 
the solo aircraft approaching on the left. 


Say cheese Servicing Smoke trails No copying Allin the name 
A photographic team ensures Every Hawk aircraft is Not just for effect, the The Red Arrows’ perfectly The name ‘Red Arrows’ 
that every Red Arrows’ dismantled, meticulously smoke trails emitted by the symmetrical diamond wasn’t a spontaneous 
training and display flight is inspected and tested every aircraft are used to estimate nine formation epitomised choice. It was chosen to 
filmed for safety and training winter, which takes wind direction, not to the team so well, it combine two earlier team 
purposes. They also take anything between 4 and 16 mention spot other Red became registered as an names, the Black Arrows 
still images. weeks per aircraft. Arrows during manoeuvres. official trademark. and the Red Pelicans. 


During a Diamond 360 formation, four aircraft fly with only 45.7cm [18 inches] of separation between them 


Smoke 
The Martin-Baker Mk1oB zero- Attached to the central underbelly, 
zero rocket-assisted ejection seat the smoke and dye pod sits where the 
can fire both frontand rear pilots yom ADEN cannon would be fitted 
tosafety, even when the aircraft in times of war. 


is stationary on the ground. 













The single Rolls Royce Adour engine 
produces 23.2KN (5,200lbs) of thrust and 
does not have an afterburner fitted. It is 
modified for Red Arrows use with an 
improved fuel delivery system to 
spin up more quickly. 
















| . The centre pod holds seven minutes’ 
\ worth of smoke-generating oil. It also 

' contains enough coloured dye to 
change the white smoke to red or blue 
for one minute apiece. 


Li 
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Airbrake 
The airbrake can be opened 
to create drag and slow the 
aircraft down, orto maintain 
speed with high engine 
power applied. Closing the 
airbrake gives instant 












acceleration. 
1. Echelon 4. 
The ‘book’ says that youcannot rollan down the runway ati5m 
echelon left formation to the left, as it is (soft) above the ground and almost at 
a high negative g move. [nan incredibly the speed of sound, the1,120km/h 
difficult and technical manoeuvre, this (yoomph)sneak pass is a shocker in 
is exactly what the Blue Angels do. every sense of the word. 
hes 
a Pulling up to7g as he climbs away, the 


sneak pass aircraft with afterburmers lit 
has to maintain a high-energy 
manoeuvre that causes lots of drag, 
such as a maximum rate turn, or he will 
accelerate through the sound barrier. 


6. Encore 

Not to be outdone, the sixth aircraft 
thunders in from behind the crowd at 
full afterburner, and pulls upintoa 
string of vertical aileron rolls that are 
4.8km (3mi) high. 


INTERVIEW 


Flight Lieutenant 
Juliette Jules’ Fleming 





How It Works: How did you 
become the solo Hawk 
display pilot? 

Juliette Fleming: | was at 
the squadron several years ago 
during my training, and | would 
take the spare display aircraft 
to various airshows. When | 
was posted back to the 
squadron as an instructor, | put 
my name forward to be the 
next display pilot. Five of us 
had to complete a flying 
display sortie with the boss, 
presenting our sequences, and 
then after interview | was 
selected from the five. 





HIW: What is the best and 
worst thing about being a 
display pilot? 

JF: The best thing is the 
people | meet. The flying is 
awesome, taking the jet to 
different places and being 
responsible for the aircraft and 
people, but meeting the kids 
and inspiring them is the best, 
full stop. The worst is the long 
hours you work, and living out 
of a suitcase. 





HIW: Do you get nervous 
during the display? 

JF: | have been competing in 
horse riding events since | was 
three years old, and I’ve been a 
racing driver. Flying the display 
is the same feeling for me, and 
it’s what it’s all about - the 
anticipation, adrenaline, that 





2011 Hawk 
display pilot 
Jules has been in 
the RAF since 1999, 
and has deployed to 
both Irag and 
Afghanistan, flying 
the Tornado GR4 
ground attack 
aircraft. She now 
demonstrates the 
solo Hawk display 
aircraft at airshows 


nervous feeling as you run in 
for the first manoeuvre. Then 
the nerves go as you focus on 
the display, and putting the jet 
where it needs to be. 





H!IW: What does it feel like 
inside the aircraft during 
the display? 

JF: When we start work up to 
the season, you really notice 
the g-forces when you are 
flying, but this goes away after 
a while as you have to focus on 
the technical aspects, like 
assessing the weather, where 
the jet is relative to the crowd, 
and putting the jet where it 
needs to be in a safe manner. 

| don't notice the g-forces 

any more. 


HIW: What advice would 
you give to any of our 
readers who want to be a 
display pilot? 

JF: Keep hold of your dreams, 
and have goals to work 
towards or you will end up 
bumbling through life. Mould 
your career to get where you 
want to be, and be prepared to 
work on the ground with 
people to make the 
opportunities to fly. You need 
to show that you have that 
little bit extra compared to the 
person next to you. Dedication 
is really important, as you 
must be prepared to give up 
your weekends. 
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Flying on autopilot 


Autopilot 


How does this system fly 
the plane automatically? 


An autopilot system consists of three main 
elements: a computerised guidance program 
that plots the aircraft’s course and compares 
its real position to its virtual one, a series of 
motion and position sensors such as airspeed indicators 
and gyroscopes to deliver real-time feedback, anda 
selection of servomotors to actuate the craft’s engines 
and alter its flight-altering components when changes 
are necessary. By syncing these three elements 
autopilots can not only stabilise an aircraft's pitch, yaw 
and roll movements - greatly relieving pilots on 
long-haul flights —- but also handle, in poor visibility 
conditions, automatic runway approaches and landings. 

In modern, commercial jets, autopilots are the central 
hub of the craft’s flight management system, a grouping 
of sensors such as GPS and INS (inertial guidance system) 
that help calculate the current positioning and course of 
the aircraft without need for external reference. The 
feedback from these systems are equalised and, inthe 
case of accuracy discrepancies, resolved through a multi- 
dimensional Kalman filter, a mathematical model for 
mitigating random variations in feedback values. 

The most common filter is a six-dimensional one, 
receiving and processing information for the aircraft’s 
pitch, yaw and roll, but also its altitude, latitude and 
longitude. The latter values are specifically important for 
modern day passenger aircraft, as they must run to 
specific schedules and on courses with certain rated 
performance factors, with set minimum velocity, 
altitudes and time factors to be met. 

Cutting-edge advanced autopilot systems may also 
include an autoland sub-system, however these are 
usually only available at major international airports, 
which have various ground-based systems to 
communicate with the autopilot flight management 
system on board to help alignment and ratify its current 
and potential approach and landing course. The 
International Civil Aviation Organization categorises 
autoland systems dependent on the visibility level at the 
runway and degree of automation capable by the 
autopilot. For example, a simple CAT I system requires 
pilots to have a decision height of 60 metres anda 
forward visibility range of 550m to engage an automatic 
landing, while a complex CAT IIIb system allows pilots to 
engage the system with a decision height of less than 15 
metres and a forward visibility of just 75 metres. 
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The first autopilots could 
only control how levela 
plane was flying 





“In modern, commercial jets, 
gutopilots are the central hub of the 
craft's flight management system” 





Autopilot fundamentals 


Autopilot sensors and systems would be 
useless without the system's servomotors to 
control the aircraft’s physical components 
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Pitch : 

Pitch is the vertical axis force applied 

either at the front or rear of the aircraft, \ 

causing it to pivot on its aerodynamic 

centre. Autopilot servomotors adjust this ‘ ¢ 
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by operating the aircraft's elevator panels. 
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Yaw 
The yaw axis is vertical and is defined to be 
perpendicular to its wings. Yaw motion is the A ae 
movement of the aircraft’s nose from side to am a 
side on a horizontal plane. Servomotors * ‘ 
control this by adjusting the aircraft’s rudder. / 
/ 
i 
| 
1 
\ 
‘ 
be / 
Roll defines the plane’s movement in me a 
relation to the longitudinal axis that passes fe 


through its body from nose to tip. Autopilot 
servomotors compensate for roll by 
adjusting the aircraft’s ailerons. 
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restart the engine?” 
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Oily times 

Autopilots, while made famous by 
aeroplanes, are actually used to 
automatically control all sorts of 
vehicles, including cars, trucks 
and boats. In fact, the first ship to 
use a basic autopilot was the JA 
Moffett oil tanker in 1920. 


Eight days 

The first pilot to fly around the 
world solo, the famed Wiley 
Post, used a Sperry Corporation 
autopilot in his record-setting 
eight-day journey in 1933. Sperry 
is credited as the company to 
have officially invented the 
autopilot in 1912. 


Under pressure 
Autopilots are used on board 
spacecraft to counteract minor 
disturbances caused by 
micrometeorites, radiation 
pressure from the Sun, and 
minor irregularities in the 
gravitational fields of nearby 
planetary bodies. 


CAT-egories 

The International Civil Aviation 
Organization breaks down 
autopilot landings into five 
categories, dependent upon 
visibility levels and the degree of 
automation. Categories range 
from CAT | through to CAT Illb. 


Failure 

Autopilots are built to be fail- 
safe, with manual overrides 
always given precedent over the 
system's actions. The major 
cause of autopilot failure is with 
an aircraft's servomotors, the 
machines that physically adjust 
its components. 
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How do these incredible machines 
traverse both land and sea? 


The ability of hovercraft to 
cross dry land as well as water 
has seen them employed in 
the military and tourism 
sectors for many years. Although once 
billed as the next generation of 
transportation, they have somewhat 
decreased in popularity over the last 
decade. Despite this, their usefulness is 
still readily apparent. 

The core principle of a hovercraft is that 
the hull of the vehicle is suspended on top 
ofa giant cushion of air, held in place by 
flexible rubber that allows it to traverse 
difficult terrain or choppy waves without 





Hovercraft have beenin 
use for over 50 years 








Lift Air flow as the ‘plenum chamber’, which 
Airisstored until it’s Transfer of air into the Airissent down into controls the escape of air to 
needed to give more lift, plenum chamber the plenum chamber create a high-pressure 
when air escapes through increases pressure and of the hovercraft from environmentand thusa 
the hovergap. allows the craft to rise. the main fan. circulation of controllable air. 
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‘Once billed as the next generation 
of transportation” 


The land and sed venhicle 













being torn apart. At the centre ofa 
hovercraft is a huge fan that fires air 
downwards, pushing the hull offthe 
ground as high as two metres (6.5 feet). 
Smaller fans on top of the hull push air 
backwards, giving the hovercraft forward 
momentum. Rudders direct this flow of 
horizontal air to allowa hovercraft to 
change its direction. 

Traditional hovercraft have an entirely 
rubber base that allows for travel on land 
or sea, but others have rigid sides that, 
while suited only to water, can have 
propellers or water-jet engines attached 


for a quieter craft. 











Cargo 
Most modern hovercraft 
are used for military 
purposes, like this 
Landing Craft Air Cushion 
(LCAC), which can 
transportvehicles and 
troops with ease. 
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Skirt 
This flexible and inflatable 
barrier traps the cushion of 
pressurised air beneath the 
hull, in addition to increasing 
the height of the hull to allow 
it to move over obstacles. 









Plenum chamber 
The region of trapped air 


underneath the craftis known 


Sir John Thornycroft 


The first patent for a 
hovercraft design was made 
by Sir John Thornycrof in 
1877, but he could not solve 
the problem of air escaping 
from underneath the vehicle. 


Sir Christopher Cockerell 


Esteemed British engineer 
Sir Christopher Cockerell 
began work on the first 
hovercraft in 1953, 
completing his first working 
model by 1955. 


Channel crossing 


The first hovercraft to cross 
the English Channel was the 
SR.N1, completing the 
journey on 25 July 1959, 
reducing the time of the trip 
to just half an hour. 


Retired Military 
Cross-channel hovercraft Since their invention, 
were expensive to run, hovercraft have been 
especially with degradation regularly employed by the 
caused by sea salt, and military. The Griffon 2000 
the last trip was made in TDX Class ACV, is currently 
October 2000. in use by the Royal Marines. 


American Bob Winat holds the record for the fastest hovercraft speed, reaching 137.4kmM/h [85.38mph] in1995 



















What are the 
components of a 
hovercraft that 
enable it to float? 


Rudders 

Flaps at the back control 
the hovercraft likean 
aircraft, directing airflow 
in certain directions to 
allowit to be steered. 


Thrust fans 

The hovercraft gains its 
propulsion from these 
backwards-facing fans, 
normally mounted on the 
back of the vehicle. Some use 
ducted fans while others 
favour naked propellers. 


Lift fan 


Airis pumped into the plenum chamber by the main 
fanin the centre ofa hovercraft. Although some 
hovercraft divert air from the thrust fans instead, lift 
fan designs are much easier to construct. 


Hull 

The hull is where you Tl find the driver, passengers 
and cargo of the hovercraft. It sits on top ofthe 
cushion of air that keeps the vehicle aloft. 











Smaller hovercraftuse mostly the 
same techniquesas their 
larger brothers 







Ankara . 








Worldwide © 

military forces wee. 

havemany = Bj Sy 

differentuses | ' 
Air for hovercraft 





SS § 
Hovercraft float on topofa large = 
cushion of air that greatly 
reduces drag and friction, 
allowing the vehicle to travel 
over almost any terrain. 


When the amount ofair 
escaping through the gap 





Lift 
When the pressure of air underneath 
the hovercraft is greater than the 
weight of the hovercraft, the vehicle 
will rise up to a height of a few metres. 






between the skirt and the 
ground (hovergap) is being 
equally replaced by air from the 
lift fan, the hovercraft is at its 
maximum height. 
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How to land a plane 





© Irate 
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Jepbaemolblmareyyuvae)llejecwe(-imeeyercneymeel-iret| 
down safely to the tarmac 


Landing a plane is the most delicate part 
ofa flight. It involves turning a flying 
craft into a ground vehicle, bringing 
hundreds of tons of mass to earth 
without incident, while shedding speed along the 
way. Aircraft will naturally fly all day long. So longas 
they have sufficient fuel, aerodynamics are designed 
to keep them moving. To alter this, pilots not only 


a 


— se 


have to reduce engine power, they also must slowly 
adopta ‘dirty configuration’, using aerodynamic 
drag to reduce speed. 

The landing procedure begins miles away from 
the airport. During this time, changes in altitude, 
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speed, direction and overall aircraft setup must be 
completed. This is mainly conducted in dedicated 
‘step down airspace’ defined by air traffic control. 
Passengers are told the landing procedure is due to 
commence, and are instructed to return to their 
seats and fasten their seat belts. 

Furthermore, at night cabin lights are dimmed 
before the landing procedure commences, and 
window blinds raised. Why? So, inan incident, 
passengers will be less disorientated. Dimming the 
lights reduces glare and means eyes will already be 
adjusted to dim conditions. It will also letsome light 


into the cabin and allow passengers to spot dangers. 








Landing is a two-stage process; the approach to 
landing, and landing itself - which will only be good 
ifthe approach is good. During the approach phase, 
pilots slow the plane from cruising speed to an 
approach speed, from which they can descend 
gently to a landing speed. A stated aim of pilots is to 
allow the plane to contact the ground with the 
lowest possible vertical and horizontal speed. 

As throttling back is insufficient to fully slow an 
aircraft, the additional configuration changes are 
filtered in at defined approach points. These include 
gradually raising flaps and, later on in the 
procedure, extending the landing gear. Indeed, such 





a i a oi 

1. Kai Tak 2. RAF Gibraltar 
Hong Kong's Kai Tak Gibraltar Airport is the world’s 

~A ‘Runway 13’ demanded = closest airport to the city it 


serves. What's more, a main 
road passes across its main 
runway. The road is closed each 
@ timea flight lands. 


pilots dodge mountains and 
skyscrapers, pass over a 
harbour, then turn 47 

» degrees prior to landing. 








Backup in background 
Backup dials are positioned 
less prominently but offer an 
additional readout in case of 
main dial failure. 
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Glass act 

Modern jets use glass 
cockpits. Instead of hundreds 
ofindividual instruments, 
readouts are shown on VDU 
computer screens. 


Amode control panel allows 
the pilot to mastermind 
heading, speed, altitude, 
vertical speed plus vertical 
and lateral navigation. 


entering the centre airspace; they blend 
all together, with the required 
separation, into a separate channel for 
final approach to the runway. 

Final approach requires stated 
clearance from ATC. Sometimes, a 
landing must be aborted at the last 
moment, either because ofan 
emergency alert from ATC, oran 
override by the pilot. This is called a go 
around: the aircraft will pitch up 
sharply, full power will be applied, 


Theair control tower can 
help guidea plane down 
onto the runway 








landing gear and flaps will be tucked 
away anda very steep climb will be felt. 
This can be alarming for passengers 
but it’s a specific procedure for which 
pilots are trained. It usually occurs 
either because a plane is still occupying 
the runway, or the pilots do not have 
sufficient visual references to land 
safely. Passengers will be familiar with 
delays from being kept ina holding 
pattern. This is for their own safety and 
ensures the pilot has the time and 
space to complete their landing 
procedures — avoiding ‘go around’ 


is the drag created in doing this, some 
engine power must actually be 
reapplied to compensate. 

The pilot’s unquestionable target is to 
reach the runway ata precise point, and 
they are able to quickly form a mental 
picture of the destination landing strip 
as all runways are given a number from 
01-36. This is their heading —- where 36 
equals 360 degrees, or due north. It 
enables pilots to quickly visualise the 
landing direction, and judge how wind 


conditions may affect this. Runways 
can have two numbers, for example 34 
and 16. They are separated by 18 
because it is the same runway 
operating in two directions. 

The final approach procedure is 
initiated in a 30-50 mile radius. Air 
traffic controllers (ATCs) on the ground 
receive ‘their’ approach aircraft from 
fellow en-route ATCs. The controller's 
job is to find a space for the approach 
aircraft at a safe separation from others 





Engines are monitored in 
great depth, with fuel flow 
and temperature, electrical 
functions and other 
parameters analysed. 


3. Madeira 


Madeira’s runway is 
situated on a mountainside, 
ws making enlargement tricky 
‘= for years. 180 columns, 

et 70m high, eventually gave 
2) it the crucial extra length. 


, "Visual guide to 
3 waren? “a cockpit 


Basic six 


Thesixinstruments to keep an 
aircraft in flight are: airspeed, 
artificial horizon, vertical speed 
indicator, altimeter, directional 
gyroscope and turn altitude. 


emergency callsin the process. Holding 
patterns are predefined and dictated by 
ATCs in the control tower. 

When it’s busy, ATC will sometimes 
specify a defined airspeed for pilots to 
maintain, usually within an accuracy of 
+/-ten knots. This keeps the aircraft in 
sequence with those in front and 
behind - it is how the rate of approach 
to crowded airports is controlled. 

ATC allows two forms ofinstructions 
to pilots, which will be stated before the 


“The pilot's target is to reach 
the runway at a precise point” 


procedure commences. The descent 
itself can be under specific altitude 
instructions which pilots must obey - 
this is to further help in traffic 
separation. Alternatively, the aircraft is 
cleared to descend at the pilot’s 
discretion. This means they themselves 
decide speed and rate of descent - the 
only proviso is that once they leave an 
altitude, they cannot return to it. 

On the technical side, landing 
procedures are managed byan 
instrument landing system (ILS). This 
uses radio beacons situated on the 
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ground to precisely guidea plane 
down with immense accuracy. An ILS 
follows a specific glide path that helps 
the plane follow an ideal three-degree 
angle to the runway. 

ILS radar is often supported by an 
approach lighting system (ALS): 
lightbars, strobes and so on, which are 
situated at the start of the runway. They 
area major aid for pilots, helping them 
switch from instrument flight to visual 
flight-and they can also extend the 
operating range of the airport because 


they count as part ofa ‘visual approach’. 


Pilots must be able to see three 
quarters ofa mile to the runway: witha 
high intensity ALS, this can be reduced 
to halfa mile, or more ifthe lights 
extend to parts of the runway. 

The final seconds before touchdown 
is when many passengers hold their 
breath. Just before an aircraft touches 
the ground, the nose will be raised up. 
This is called a ‘flare’, and means the 
main landing wheels touch the ground 
first. The perfect landing will see the 


Just before an aircraft touches the 
ground, the nose will be raised so the 
Wheels touch the ground first” 


How to land a piane 


Once there’s enough mass pressing 
down on the wheels, the pilot can apply 
the brakes. Passengers feel this two- 
stage deceleration in landing - first, the 
engines will roar, and then there will 
beaslightjolt as the brakes come on. 
The length ofthis rollout process 
depends on the weight of the plane, the 
runway’s gradient, condition and 
elevation, ambient temperature, brake 
effectiveness and pilot technique. 

Autopilot can actually perform the 
complete procedure right up to 
touchdown and rollout. What autopilot 
cannot do is control the ground taxi 
process; this will always be done by the 
pilot, using guidance from ground 
control. On the ground, the aircraft will 
taxi to its final position, where 
passengers will disembark. 


Localiser array 
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progress is essential for 
avoiding any mid-air collisions 


Inner marker beacon 


The inner marker beacon, shown by a 
white light, indicates the arrival of the 
runway threshold. It enables the pilot 

to check they are at the correct height. 


Missed approach 

The runway should beinsight 
when the middle marker beacon 
sounds; if the pilot is uncertain for 
any reason, a missed approach 
procedure should be carried out 





wheels touch the ground justas lift on at this point. 
the wings completely falls away and Runway 
the plane ‘stalls’. To feel hundreds of se . tole nals bid beacon 
tons of mass controlled insucha . se ce nee era 
amd Point of an amber warning light and 
precise way is extremely satisfying. tion _ indicates the aircraftis within 
When the rear wheels are on the ideal d t Glide slope 1.2km of the runway. 
ground, the pilot does not lower the it 
' The glide pathis array <i 
nose-it drops ofitsownaccord.Itdoes —_gesignedto providean A AN 
so because as the aircraft loses speed, ideal descent slope of \ 
the flight controls continue to lose three degrees. . 


effectiveness so gravity can take over. 
Once all wheels are on the ground, the Multitasking ILS 
aircraft isin rollout mode. 

Here, the flying machine is turned 
into a ground machine-and must be 
stopped before the end of the runway. 
On large jets, the first method of doing 
this is to raise more flaps to increase 
drag, and engage reverse thrust onthe TiS TES an ae Wee 

: signals, to reassure pilots they’re 
jet engines. As forces build, pressureon —_ working, andconfirm they're 
the landing gear increases. approaching the correct airport. 


Several planes can use the ILS at 
thesame time -this leads to the 
famous evenly spaced 
Heathrow landing stack. 


Morse code secret signal 






Instrument landing 
system explained 


An ILS is installed at most important airports, 
helping land planes accurately, safely and efficiently 


Based on the ground, the instrument 
landing system is a standardised 





Localiser antennas emit dual signals 
of different frequencies, either side of 
system that communicates with the the runway. A receiver on the aircraft 
aircraft and guides it to ground using measures any difference between 
radio signals. It uses two components them and adjusts the approach 
to determinea plane's path; alocaliser, accordingly. The glide path antennae, 
that controls lateral guidance, anda situated to one side of the runway, does 
glide path for vertical guidance. a similar job for the vertical route. 


That's a big pile ofinstructions... 
Jatctspaleparcleksbeniauesibeliel-¥4 
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The runway of Ulyanovsk Vostochny Airport in Russia Is the world’s widest, 





Outer marker beacon 

The outer marker sounds an alert at up to11km 
away from the runway, and flashes a purple or 
blue light on the instrument display. 
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1. Qamdo Bangda ¢ 2. Honduras 
Higher runways need more E Just 2,163m long, the . 
space due to thinner air - and - - 2 Honduras airport can handle 
at 4,344m above sea level, a oh ol Boeing 757s - just. Close 
Tibet's Qamdo is the highest a | mountainous terrain 

: chest at —_-@ 


in the world. That's why the 
runway is 5,500m long... 
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the world’s most dangerous. 
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Directional system 

An ILS is directional so is located on either 
end of a runway. Additional marker beacons 
are sometimes included, providing further 
information to approaching planes. 


ILS establishment 


Aircraft need to come within 2.5 +. _ 
_ degrees of the localiser course in ~—* 
~ order to become established ~ 
» ona final approach route. . 
4 
\ ~ 
' ? , a , 
| < 
ATC lead . 
Air traffic control directs Notimeto \%, 
aircraft to the localiser makenotes! 

| using defined headings - 
. this keeps good and ie Pilot passed out? No worries, 

spacing between planes. help is at hand. Just follow 

these simple steps anda 
successful emergency 
0.7° landing can be achieved. 

Sitin the pilot’s seat; this is 
“~__ theone positioned on the left 

™ : x 
“™._ __ ofthe cabin. Before touching 


anything, check the altitude 
instrumentation in front of 
you. The altitude indicator 
(often referred to as the 
virtual horizon) is the circular 
display that shows a W- 
shaped representation of the 
plane’s wings in relation to 
the Earth and sky. 





3.0° - 6.0° 


oe 


-_ 
reinforces its status as one of 


3. St Maarten 
Airport 


This Caribbean airport 
runway is so short, 
st aircraft have to virtually 
_ = skim the surface of 
-— Bie 


=! Maho Beach. 








with og width of cbout 105m 


Approach and landing 


Astep i Sted guide to how you end 
e and sound on the runway 


Landing a plane in 
an emergency 


Let’s hope you never have to use this... 


Next check whether the 
autopilot is engaged. Ifitis 
and the plane is level, don’t 
touch anything. Ifthe wings 
are not level, adjust any bank 
or pitch using the yoke (stick). 

Now phone-in the 
emergency on the radio. Air 
traffic control will guide you 
toa runway, but you'll have to 
make the landing yourself. 
Pull back on the throttle 
(handled lever on pilot's right 
side) to reduce power, and 
push down on the yoke to 
drop the nose. Drop the 
landing gear and just as you 
are about to touch down raise 
the nose so the main wheels 
touch down first. 

Finally, when onthe 
tarmac engage the reverse 
thrusters (movable bars 
behind the throttle), pull the 
throttle down to its ‘idle’ 
position and apply pressure 
to the top of the rudder pedals 
(down by your feet) to brake. 
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Lancaster bombers 


230 


23 


Mummies 

How did the 
ancient Egyptians 
preserve and 
entomb their dead? 





Lancaster bomber 
Explore the Lancaster, 
which was heralded as 
one of the most influential 
heavy bombers of WWII 


Looms 
How did these 
ingenious 


contraptions aid 
cloth-making? 
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The M ay ower 
2 3 Cannons 

Peer down the barrel of 
the heavy weaponry that 
changed the way battles 
were faught forever 


Bagpipes 
How this complex 
instrument of bags 


and pipes creates 
musical noises 





Whisky production 
Discover the processes 
that have been used to 
brew this traditional 
liquor for centuries? 
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Gunpowder 

The chemical 
composition of this 
explosive substance 
is revealed 





The Mayflower 
How did the ship 
that transported 
the Pilgrim Fathers 


to America work? 


2 40 Planet’s biggest 
dinosaurs 
Meet the prehistoric giants 


that roamed the Earth, sea 
and skies millennia ago 
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Mallard steam 
locomotive 


ee.) The planet's FAG 8) 
=< biggest dinosaurs~ fomanforts 
The weapons and 


2 VA | The Mallard 
Is it true that this remains 2 49 
the fastest steam armour of these 
locomotive in the world? ferocious fighters ——— 
explained 2A9 Ree 


Roman forts Viking warriors ‘ 
What went on 2 q Man of war : 
within the walls of Find out how this true 


Viking warriors 












a Roman fort? warship ruled the waves 
with its mighty firepower 


The Bastille Tudor houses = Ty - 
What was so How did the Ta RN VM 
special about this Tudors design 


(ie nun aX Ys . 





) 





prison that was and construct ‘7 me ; Y ie 
famously invaded their distinctive Tudor houses” AVA HANA 
in the 18th Century residences? 
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2. 








Mummification was a process 
undertaken by the ancient Egyptians. 
They believed that by preserving a body, 
its soul could live on in the afterlife. 
Embalmers offered various packages, which 
included a basic, standard and luxury version. Even 
so, itwas only the rich that could afford to mummify 
their dead and thereafter place them in an elaborate 
tomb. Ordinary civilians were buried in pit graves, 
and some of these bodies were naturally dried. 
Mumumnification was an elaborate and lengthy 
process that took 70 days. The violation of the body 
was abhorred, so the first incision performed on the 
corpse was made by a ‘scapegoat’. He was then 
ritually stoned and chased from the embalming 
chamber. Afterwards, the intestines, lungs, stomach 
and liver were removed - these were mummified 
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and placed in special containers called canopic jars. 
The brain was pulverised with along narrow 
instrument and drained through the nose or the 
back of the skull. The heart, which was then known 
as the seat of learning, was left inside the body. 
During the mummification process the priests 
would venerate the dead; they would light incense, 
recite prayers and invoke aid and protection from 
ancient Egyptian gods. Once cleansed, the body was 
then ready to be dried. 

The ancient Egyptians placed the body in natron 
salts, which absorbed all its moisture. After a period 
of 40 days it was removed and packed with herbs, 
oils and spices, which were known to cleanse and 
preserve the cavities. If extra body parts were 
needed the corpse was equipped with false wooden 
limbs, or eyes made of obsidian. It was then ready for 


bandaging. Each limb was carefully tended to; 
fingers and toes were treated individually, and 
golden caps were placed on the nails. In order to 
protect it, a large number of amulets were left on 
specific parts of the body. Often, garlands of leaves 
or berries, which were thought to have rejuvenating 
properties, were placed around the neck. The hair 
was dressed with oils and jewellery. Due to heat and 
lice, the ancient Egyptians shaved their heads, so 
elaborate wigs (made of human hair) were placed on 
the deceased. Makeup was applied, and it was 
dressed in fine clothes and adornments. While 
women were buried with combs and pottery, men 
were armed with daggers or swords. These were 
placed either on the body or within the wrappings. 
At the beginning of the 2oth Century, Egyptology 
was in its infancy. Many early excavators ignored 


The term ‘mummification’ 
comes from ‘mummia’, an 
Arabic word that means pitch 
or resin. This dark, viscous 
liquid was used in the later 
stages of mummification. 


a 


4 human remains. The first 
archaeologists were more interested in 
treasure than mummies, and even the 
body of Tutankhamun was subjected to 
trauma. Although Howard Carter wasa 
brilliant excavator, he could not have 
imagined the wonders that the dead 
could reveal. Nor did he envisage that 
innovations in science would enable us 
to make important new discoveries 
about ancient Egyptian mummies. 
Despite this, the world was now 
| fascinated. Even in Victorian times, the 
unwrapping of an Egyptian mummy 
(which often took place in affluent 
drawing rooms) would be followed by 
tea, cake and polite conversation. 
Thankfully, times have changed and 
the first scientific unwrapping ofa 
mummy took place in Manchester 
when Margaret Murray examined the 
two brothers, Khnum-Nakht and Nekht- 
Ankh, in1908. Manchester continues its 
strong association with the scientific 
study of mummies. Itis here that 
Professor Rosalie David conducted 
many innovative investigations into 
ancient disease. In 1979 she established 








= “Only the rich could afford to 
«= mummify their dead and 
gn elaborate tom 
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Ramesses Il 
Ramesses II was one of 
Egypt’s greatest rulers. 
When he was moved to Paris 
for scientific exams, he had 
a passport that described 
him as ‘King (deceased)’. 


Modern technology suchas 
CT scans can helpto provide 
us with more information 





the International Mummy Database, 
which employs endoscopy and 
serological studies, x-ray examinations 
and MRI scans. Perhaps the most 
important investigation into ancient 
mummies was undertaken in Paris 
between 1976-1977, when the mummy of 
Ramesses II was met at Orly airport and 
treated like a visiting head of state. A 
team of over 100 scientists, including 
botanists, microbiologists and 


lace 











King Tutankhamun, 
discoveredbyHoward 
Carterin1922 ~~ 








Healing the sick Making a mummy Tutankamun 
‘Mummia’ is described by Artist Robert Lenkiewicz While most mummies are in 
Shakespeare in Romeo and inherited the body of a museums, the remains of 
Juliet. Until the 20th Century tramp and mummified the Tutankhamun were kept in 
people took mummia to cure remains. Hotly pursued by his tomb. Discovered in 
ills such as stomach upsets, Plymouth City Council, he 1922, the body still lies in the 
headaches and arthritis. hid the remains in a drawer. Valley of the Kings. 


© Science Photo Library 


anthropologists, worked on his body 
and published startling new evidence 
about mummification techniques. 

Examinations that employ DNA 
sampling are now used in mummy 
studies. While the practice is still 
limited, it can enable Egyptologists to 
identify, establish and study family 
groups. Weare now able to shed light 
on the everyday life of the ancient 
Egyptians, going on to analyse 
dental hygiene, hair dyes and 
makeup. When examining 
mummies we are now able to 
study textiles, jewellery, oils and 
even head lice —- the oldest ‘nits’ in 
the world were found ona Manchester 
mummy. From these examinations we 
can learn a great deal about the 
diseases, afflictions and the general 
aches and pains ofall classes of people, 
and we can even identify trauma 
wounds, arthritis and polio. With the 
invention of new scanning techniques, 
the destructive process of ‘unwrapping’ 
amummy is nowa thing of the past. 
What remains constant, however, is 
that mummies continue to fascinate, 
excite and inspire us. 


























fe) YAO In 1975, on organisation known as Summum began to practise ancient Egyptian embalming techniques 


Ice mummies 

Dated to the Pazryk culture, the Ice 
Maiden and her contemporaries are 
dated 6th to 3rd Centuries BC. These 
mummies were buried with 
elaborate funerary 
equipment - in 
the case of the 
Ice Maiden, 
there were six 
horses anda 
symbolic last 
meal. Her 
body Is covered 
in a series of 
beautiful blue tattoos 

which depict mythical animals. 






2 Mummies of the 


Canary Islands 
The Guanche mummies were 
found on the Canary Islands in the 
15th Century, when they were 
discovered by Spanish 
waders. Little is known 
of them - many were 
pulvertsed and used 
as medicinal 
powders to aid 
stomach 
complaints. 
Dried in the 
Sun, the mummies 
were packed with 
sand and wrapped in 
animal skins. They were 
then placed on mummy boards 
and left in caves. 


Inca mummies 

Inca mummies, found in Peru and 
Chile, are approximately 500 years 
old. The remains are those of young 
children sacrificed on the 
mountains of the 
Andes, in order to 
honour the 
gods. Other 
mummies 
include those 
known as the 
‘Cloud People’, 
which are found 
in northern Peru. 
These mummies were 
mummified in the driest areas 
of the jungle. 







4 Mummies of the King’s 
Capuchin Catacombs 
Dated between the late-16th and 
20th Centuries, the mummies of 
the King’s Capuchins Catacombs 
are magnificent examples of the 
art of embalming. Thousands of 
bodies were dried here in 
‘strainers’ (cells that are 
situated in the 
passageways of the 
catacombs). After 
» eight months 
they were 
removed and 
soaked in 
vinegar. Adults 
and children are 
placed on display 
in coffins, niches and 
on the walls. 
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Binal gn urgent and 
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The art of mummification 


“4 Death chamber 


We open the doors to the eerie and mysterious 
world of the embalming chamber, to explain 
how the process was performed 


the work difficult. As we have 
explained, the embalming 

process was an urgent and bloody 
activity -when rushed, the 
embalmers often lost or severed 
limbs. The morality of the morticians 
was also regarded with suspicion; 


1 Bog bodies 

Waterlogged peat holds very little 
oxygen, and this means that the 
microorganisms that cause 
decomposition cannot survive. The 
acidity in the bog, along with 
sphagnum moss, also helps to 
preserve the body. While the skin, 
hair and internal organs are 
remarkably well preserved, the 


Although the House of the Dead was 
occupied by priests and their servants, 
it was also regarded asa place of 
dread. The sight or smell of the 
embalming chamber was viewed 
with fear and repulsion. Inside the 
House of the Dead, there would often 


bones are softened. 
The body begins to take on a dark, bealong queue of bodies waitingtobe they were often associated with 
leathery appearance. embalmed; they would be placed on robbery and corruption. On the other 


hand, morticians were viewed as 
mystics and magicians, anda sense of 
secrecy surrounded their art. 


sloping beds so that body fluids and 
blood would drain into vats. Flies, 
inexperience and heat could make 


Coffins 

Large, rectangular coffins were decorated with 
magical texts and painted eyes - believed to enable 
the dead to look out and survey surroundings. 


Preparation 





: aE Before acorpse coukd 
Self-mummification be embalmed, itwas 
Self-mummification was practised placed i 
by the Sokushinbutsu, a group of table ae sae teek 


Japanese Buddhist monks. For 
several years, the monks would live 
on a diet of seeds and nuts and 
would drink the sap of the Urushi 
tree, which would cause vomiting 
and loss of body mass. They would 
seal themselves in a tomb and die - 
if the body had mummified, it was 
regarded as a holy vessel. 


3 Desiccation 

When left in the open, water, 
insects and heat will rapidly 
destroy the body. If the body is 








































‘The ST) pan was 
oody activity” 





Howard Carter 
discovered Tutankhamun’s tomb 


Carrion birds 

The Egyptians both revered and feared 
birds of prey. They were often depicted in 
funerary contexts, and were associated 
with death on the battlefield. 








buried in sand or salt, 
moisture in the flesh 
is absorbed and 
thecormusts Reception area 
preserved. More / The body was received in this 
importantly, in small, holyvestibule. Here, 
the case of priests conducted prayers and 
sahil Agroup of moumers and priests accompanied the body to spells to aid the deceased's 
mummies the ~~ ; i ; : 
removal of SS a the mortuary. After death, the body was quickly removed. journey into the nextlife. 
this process, preventing 
internal bloating and decay. 
Ice mummies ae 7 | me ; 
Ice prevents decomposition of the . at ‘awe Bd -. ae i 3 4 i] 
body and inhibits the growth of ’ : 
bacteria. It also preserves pollen os Aa a «€ - r b a ones (> = 
and dust grains. Ice is an excellent - \ « ~ , & (F ee 5 ’ sy hy ~ 
and effective agent, so ice “\ - . «2 A. ieee —t. - a Bo 
mummies seem very lifelike. Their _ a gaa j 9 77; ian " , Node met ig 4 _ —~) De 
hair, eyelashes and body ae, They 7. ra Ot oe ee oe ai ; y ' { 
decorations are often SS e j r 
astounding. ice .  s - - >). { a Kk & Be i 
mummies have : 
even been 
discovered 
dae 1. The death scene 2. Embalmers 3. Bandaging and 4. Placement 
plbdee a This bed isa traditional at their work anointing In coffin 
funeral bier (stand), which Several priests attended the Many metres oflinenbandageswere _ Coffins differed over the years, 
can be found among ancient body of the deceased; while used on mummies, where each bothin style and decoration. The 
Otzithe Ice Egyptian funerary some worked on the body, finger and toe was wrapped coffin was made of wood and 
Manisa famous equipment. Itwas designed to others would recite prayers and individually. The bodywasanointed _ gilded with precious metals. It 
natural ice mummy represent the body ofa lion. perform magical incantations. in protective oils and resins. was inscribed with magical texts. 
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Funerary mask 

The funerary mask was the 
last item placed on the 






precious metal, preferably 













Incense burner 
Incense was very important 
to the ancient Egyptians. It 
enhanced ritual purity and 










Jewellery 


mummy. Itwas often made of 


gold, in order to symbolise the 
regenerative force of the sun. 


was thought to ward off evil. 


Jewellery had both decorative and 
religious importance. Necklaces, 
bracelets, earrings and rings were 
placed on the mummies of both 
males and females. This practice 
encouraged ancient tomb robbery. 


3. Tutankhamun’s 
children 

Included in the category of rare 
Egyptian mummies are two 
foetuses, thought to be the 
children of Tutankhamun. They 
are believed to be twins. 


2. Juanita the 

Ice Maiden 

Juanita, or the ‘Ice Maiden’, was 
~ sacrificed to mountain deities 


> x . when she was 13/14 years old. 


1. Sir John Franklin 


In 1847, explorer Sir John Franklin 
and his crew of 129 disappeared 
on an expedition to the Arctic. 
The mummies of Torrington (21), 
Hartnell (25) and Franklin (61) 
were found in good condition. 





She was found on a mountain by 
anthropologist Johan Reinhard. 





YiaQiaiwe Plastination and Cryogenics ore two more modern methods of preserving the body 


——— 


os ee 
Priest with Anubis mask 

' Anubis, the patron god of 

» embalmers, was often depicted asa 
jackal. The Egyptians associated 
these animals with cemeteries. A 
priest would wear the Anubis mask 
when conducting funeral rites. 
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Priests with 
shaved heads 
Priests shaved their heads as 
asymbol of cleanliness. They 
wore fine, white linen kilts 
and simple reed sandals. 











embalming equipment 
The priests used bronzetoolsinthe ™& 
mortuary. They employed tweezers, 
needles, hooks and knives during 

the mummification process. 












Jars and ointments 
Oils and salves were extremely 
valuable to the ancient Egyptians. 
They were used during 
mummnification both to preserve 
the flesh and please the gods. 
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As each bandage was applied, 
the priest would pray and apply 
amulets to the body. Several 
hundred magical amulets can be 
found onasingle mummy. 
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Funeral bier 
The Egyptians associated the rising and setting 
sun with two lion-headed deities. The funeral 

bier, with its lion-headed carvings, represented 
regeneration and rebirth. 









Astep-by-step look at the mummification process, 
from deathbed to the grandeur ofthe tomb 


. me or . 3 ?, ,, 


5. Mourners 

The coffin was placed 
ona bier and dragged 
by oxen to the tomb. It 
was accompanied by 
priests, mourners 
and relatives. 





a 
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6. Opening 7. Placing goods 8. Priest leaving 9. Weighing 

of the mouth in the tom the tomb of the hea 

Apriest, dressed in leopard skin, The ancient Egyptians believed Atthe culmination of the The heart is weighed before 
would ‘open the mouth’ of the thatyou could indeed ‘take it funeraryrituals,thepriestwould Osiris, god of the dead. If found 
deceased with an instrument with you’. Their tombs were leave the tomb. As he retreated, wanting, the deceased 

called an Adze. This allowed the filled with goods that were he would sweep away his would be devoured bya 

spirit to fly free from the body. needed in the next world. footsteps from the dust. crocodile-headed monster. 
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The original dam buster 


eancaster. 


Famed for its prowess, and entrenched in popular culture by 
The Dam Busters film of 1955, the Lancaster bomber played a crucial 
role in securing an Allied victory during the Second World War 


Arguably the most famous heavy bomber of World War I], 
























the Avro-built Lancaster bomber undertook some of the Lancaster bombers 
a dropped 609,000 tons 
most dangerous and complex missions ofbembe 


” yet encountered by the RAF. 
Primarilya night bomber but frequently used 
during the day too, the Lancasters under 
Bomber Command flew some 156,000 sorties 
during the Second World War, dropping 
609,000 tons of bombs. Among these bombs 
was the famous ‘bouncing bomb’ designed by 
British inventor Barnes Wallis, a payload that 
would lead the Lancaster to remain famed long 
after 1945. How It Workstakes a look 
inside an Avro Lancaster to see 
made it so successful. 


Inside a 
Lancaster 
bomber 


Crew 

Due toits large size, hefty armament 
and technical complexity, the 
Lancaster bomber had a crew of 
seven. This included: a pilot, flight 
engineer, navigator, bomb aimer, 
wireless operator, mid-upper and 
rear gunners. Many crew members 
from Lancasters were awarded the 













Bomb bay 
The bomb bay could carry a great 
payload. Indeed, the bay was so 
spacious that with a little modification it 
could house the massive Grand Slam 


Victoria Cross for their heroic actions earthquake bomb, a10,c00kg giant that 
in battle, anotable example being when released would reach near sonic 
the two awarded aftera daring speeds before penetrating deep into the 
daytime raid on Augsburg, Earth and exploding. 
Germany. 

Turrets The Lancaster was designed out of the earlier Avro Type 683 


As standard the Lancaster bomber was fitted with three twin 7.7mm turrets in the 

nose, rear and upper-middle fuselage. [In some later variants of the Lancaster the twin 
77mm machine guns were replaced with 12:7mm models, which delivered more power. the tri-fin was removed in favour of a twin-finned set up instead. This 
The rear and upper-middle turrets were staffed permanently by dedicated gunners, while is famously one of only asmall number of design alterations made to 
the nose turret was staffed periodically by the bomb aimerwhen caught up in a dogfight. the bomber, which was deemed to be just right after its test flights. 


Manchester III bomber, which sported a three-finned tail layout and 
was similar in construction. While the overall build remained similar 
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High calibre 


While 7.7mm machine guns 
were standard on Lancaster 
bombers, selective later 
variants were fitted with twin 
12.7mm turrets in both tail 
and dorsal positions. 


Over 7,000 bombers 
were built 


Slam-dunk 


Lancaster bombers often 
had their already-large 
bomb bays modified in order 
to carry the monumental 
10,000 kilogram Grand Slam 
earthquake bombs. 


Busted 


Aselection of bombers 
became famous after 
Operation Chastise, a 
mission to destroy dams in 
the Ruhr Valley, which 
inspired The Dam Busters. 


Collateral 


Between 1942 and 1945 
Lancaster bombers flew 
156,000 sorties and 
dropped approximately 
609,000 tons of bombs on 
military and civilian targets. 





Black label 


The lager company Carling 
used footage of Lancaster 
bombers to create a parody 
of The Dam Busters in which 
a German soldier catches 
the bouncing bombs. 


“The development of cast 


the cost of production” 





Weaving machines / Cannons and balls 


Warp Heddle Shed 
The set of Aheddleisa cord or wire The temporary separation 
length-wise yarns divider used to separate between the upper and 
through which the the warp threads for the lower warp yarn through 
weftis woven. passage of the weft. which the weft is woven. 





Integral to the art of weaving, 
the loom is an ancient but highly 
refined machine 


Looms, while appearing rather complex, 

Po & are actually fundamentally simple 

fA machines that work by holding two sets of 
parallel threads within a frame that 
alternate with each other asa cross thread is filtered 
through them carried bya shuttle (a wooden block in 
which thread can be stored pre-weave). By doing this 
cloths and fabrics can be weaved ona large scale 
quickly and in far greater numbers than if undertaken 











Yarn 
Thisis a continuous 
length ofinterlocked 
fibres suitable for 


- 


iron cannons brought down 





1. Power loom 
Edmund Cartwright created the 
first power loom in England way 
back in 1785. 





2. Hand loom 

The loom of choice before the 
industrial revolution, the hand 
loom allowed cloth and fabrics to 
be woven on a large scale. 


freeform by hand. 
Since their initial construction in the 5th Century 









: | " 
BC, the basic mechanics of looms have remained — ——t 
unchanged, with only a long succession of ' 1 
improvements introduced to the system. The most 
notable addition was the introduction ofa drive-shaft PR 
power source, allowing for mechanised looms to be ie Lu! 
mass-produced and slowly evolved to the point of . 
complete automation. Indeed, today it is argued by i -wei 
historians that the power loom was central to the Weft Treadle Shuttle = ical antes As ma 
development of the Industrial Revolution and has es a istheyarn ae by foot to bs spe tool et ee weft ae che aN or ae bape 
j j j atis drawn roaucea whe weaving. onutties are passe 
caaaua cer Cetin econ nuerg end through the warp to reciprocating motion backand forth sae 9 the ne and ried ay weights to Keep the 
create a fabric. in the heddle. between the threads of the warp. 

Torch-hole Gunpowder Cannonball The 

Gunpowder ora fuse In the late-15th Century water was Spherical, solid 

is placedin the torch added to gunpowder to form cannonballs were Ca rn non 

hole and ignited to granules or mill cakes, makingit made from dressed 

firethecannon. easier tostore and more efficient. stone, lead or iron. 





The weapon that changed the nature of warfare 


Early cannons were crude 
é affairs with barrels made from 

wooden or wrought-iron staves 
held together by iron hoops. If 
the explosive mixture was too powerful it 
was likely to destroy the weapon rather 
than fire a projectile at the enemy. 


Barrel-making techniques were 
Ramrod replaced by bell-making technology, with 


~~ 








The development ofthe Hempoakum wadding When loaded, the ramrod is used to pack the production of cast brass cannons. 

cannon continued rammed into the barrel either the waddingand cannonballfirmlyagainst Improvements in the casting of bronze 

through the centuries side of the cannonball keeps it the gunpowder. Ifnot packed properly,the cannonsinthe mid-14th Century meant 
firmly in position. powder will burn instead of exploding. 


that more powerful gunpowder mixtures of 
sulphur, charcoal and saltpetre could be 
employed with more deadly effect. 

In the mid-16th Century, the 
development of cast iron cannons brought 
down the cost of production and enabled 
an even wider deployment of this weapon. 

The use of cannons meant that castles 
and fortified buildings were no longer able 
to withstand long sieges. Large and 
complex star-shaped fortifications were 
introduced to cope with this danger; this 
had the effect of centralising power as only 
the richest could afford them. © 
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Global 


Old - Life - Prohibition Sun 
The earliest direct account of ~~ Despite the home of whisky _- The word whisky is an - During the prohibition era in Japan's primary producer of 
whisky being made in : typically credited to : anglicisation of the Gaelic - the US in the late-Twenties whisky is Suntory Holdings 
Scotland dates from 1494, : Scotland, the liquorisinfact — ‘uisge beatha’, or water of and Thirties, the only form Limited, one of the oldest 
FE, A " TS when cereal grains were : produced worldwide, with : life. This is the same as the - of alcohol made legal was distribution companies in 
mashed together crudely : large industries in Ireland, : Latin ‘aqua vitae’, which : whisky as prescribed by the country. It was 
W/ H Es G K “4 before being fermented. . Canada, Japan and America. =~ translates as the same. . licensed pharmacies. established in Osaka. 


PVA The earliest recorded reference to bagpipes dates from the gth Century 





Chords Drones - i 
Due to the unwieldy shape of the Three large wooden tubes 
bagpipe, chords are needed to | mounted to the top of the Wh IS rod uu ct IO n 
secure the drones in place, bag, the drones each playa 
sian nani nidia nairisfarced through.  Discoverthe complex, multi-stage process 
v 











Blowpipe 


when air is forced through. 


The first main stage of whisky 





involved in making this age-old alcoholic drink 


the grains. The grains are disposed ofand the 


citorecraaiel production is malting, a process wort is sent for fermentation in a series of 
controtled of soaking barley in water for wooden containers called washbacks. After 
circulation of air. days. Thisincreasesthemoisture twotothreedaysinawashback, the wort 
The blowpipe is content of the grainsand causes germination, generatesalow-alcohol liquid, or the wash. 
how the air gets which converts the starch in the grains into Distillation follows, a complex process of 
from the piper's fermentable sugars. The grains are then evaporation and condensing of the wash in 
mouth to the bag. 





Anairtight sack 


Chanter 


separated from the heated water and dried. 
Next, the dried malt is crushed into grist 
and added to water, heated to 60°C ina 
mashing process. This step creates a sugar 
solution (wort), which is then separated from 


2. Vapour 


stills. This enriches the alcohol content of the 
wash and produces a high-alcohol liquid that 
can then be matured into drinkable whisky. 
Finally, maturation is achieved by depositing 
the young whisky into oak casks. 


4. Impure 


Vapour is carried to a second column, the rectifier. Low-alcohol content vapour and impurities are 


Deposited into the cool top of the column, it 





evaporated at the top of the rectifier, before 


traditionally made condenses and falls through perforated copper being dumped back into the analyser. These go 

This is the part of the bagpipe from sheepskin or plates, re-heating as it gets to the heated bottom. up through the column and condense back into 

that the piper uses to produce cowhide, the bag liquid form. This waste is then siphoned off. 
a melody, opening and contains the air 
“—» closing holes with their necessary to operate 
fingers on the tube. the instrument. 





Bagpipe 





instrument work? 


breakdown 


How does this odd-shaped 








1. Wash 
The culmination of 
fermentation is the 

wash, a liquid of 

5-8 per cent alcohol. 
This enters the still’s 
first column and 
drops through levels 


of steam, evaporating 
into vapour. 


5. Liquid 
The remaining alcohol-rich liquid is drawn out 
through the bottom of the rectifier. Only the 
middle cut of this spirit goes on to filling and 
maturation, with the initial foreshot and tail cuts 
diverted back into the stills. The middle cut has 
an alcohol content of about 75 per cent. 


A bagpipe isa wind instrument consisting of multiple 

reed pipes, which are set in motion by the passing of 

pressurised air. The air is delivered into a central bag G 
viaa blowpipe and, once the bag is squeezed, forces 3. Enriched 
the air through the chanter (a melody pipe) and usually a set of At each plate, parts of the condensing liquid 
drones (cylindrical tubes that play a single note). As air is reach their transition stage, returning to 
continuously forced through the chanter and drones, bagpipes vapour, while others with lower boiling points 
produce a continuous sound, which is articulated as a melody by progress Cosvayntos: Twice Papour!e 








enriched by the higher alcohol content liquid. 
the piper’s opening and closing of holes in the chanter. 


Gunpowder What is itand how is it made? 
}é 


Gunpowder - also referred to as 
black powder - is made from 
potassium nitrate (75 per cent), 
sulphur (11 per cent) and charcoal 
(14 per cent). When these three materials 

are ground finely and combined, the 
resultant mixture burns quickly and producesa 
mix of gaseous and solid by-products. The 
mixture is relatively insensitive to shock and 
friction, requiring high levels of heat to be 
ignited. However, when ignited ina confined 





Space -such as in the breech ofa weapon -the 
released gases generate enough pressure to 
launch projectiles, hence its widespread use in 
armaments. While still used today inignition 
charges, fuses and primers, gunpowder is no 
longer widely used as a propellant for guns and 
cannons, being replaced with smokeless 
powders that grant higher muzzle velocities due 
to their progressive burns (they generate more 
and more gas pressure throughout the 
combustion process). 


Potassium nitrate (75%) 





Gunpowder is made from 
a mix of materials 


Sulphur (11%) 
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The journey of the Pilgrim Fathers 


The Mayflower 


Discover what conditions were like living on board the world-famous cargo 
ship that took the Pilgrim Fathers across the treacherous ocean to America 


The Mayflower is one of 
the most famous ships 
associated with English 
maritime history. After 
transporting the Pilgrim Fathers toa 
new life in America during 1620, the 
Mayflower was often regardedasa 
symbol of religious freedom in the 
United States. Originally, however, the 
Mayflower was a simple cargo ship 
that was used for the transportation of 
mundane goods — namely timber, 
clothing and wine. While statistical 
details of the ship have been lost, 
when scholars look at other merchant 
ships of this period they estimate that 


“The Ma 
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it may have weighed up to 182,000 
kilograms. Itis suggested that the ship 
would have been around seven metres 
wide and 30 metres in length. 

The ship’s crew lived on the upper 
decks. Allin all, 26 men are believed to 
have manned the Mayflower on her 
legendary journey. The Master, or 
Commander, was a man called 
Christopher Jones: he occupied the 
quarters situated at the stern of the 
ship. The regular crew livedina room 
called the forecastle, which was found 
in the bow -accommodation was 
cramped, unhygienicand highly 
uncomfortable. It was constantly 


flower set sail from 


England in 1620, but was 
forced to turn back twice” 


Forecastle 
Accommodation for the 
common sailors, the men 
slept here when not 
working on deck. 


Beakhead 

The beakhead is the X. 
protruding part of the 
foremost section of 
the ship. 


drenched by sea water and the officers 
on board were fortunate in that they 
had their accommodation in the 
middle of the ship. 

During the historic voyage, the 
Mayflower carried 102 men, women 
and children - these Pilgrims were 
boarded in the cargo area of the ship, 
which was deep below deck where 
the living conditions led to 
seasickness and disease. The 
Mayflower set sail from England inthe 
July of 1620, but the ship was forced to 
turn back twice because a vessel that 
accompanied it began to leak water. 
Many problems affected the 
Mayflower and her crew during the 
voyage. There were serious threats 
from pirates, but it was storm damage 
that was to prove problematic on this 
journey. In the middle part ofthe 
expedition, severe weather caused 
damage to the wooden beam that 
supported the ship’s frame. But, 
fortunately, it was repairable. 


[y, - 
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Several accidents also occurred, 
including the near drowning of John 
Howland who was swept overboard 
but then rescued. Less fortunate was 
a crew member who died 
unexpectedly - considered by all as 
‘mean spirited’ —- his demise was 
viewed as a punishment from God. 

A child was also born 

during the voyage: \ 
Elizabeth Hopkins called ) 

her son Oceanus. | 

The ship reached Cape 
Cod safely on 11 November 
1620. The religious 
community, who were 
hoping to start a spiritual 
life in the New World, 
thanked God for their 
survival. 




















Hold 
The hold is the deepest 
section of the ship. Itwas 
used to store cargo and 
accommodate passengers. 









Old turkey 


When the Pilgrims arrived in America, the natives taught them how to make 
canoes, grow maize and establish tobacco plants. They also introduced the 
newcomers to turkey, which was a native species of North America. For this 
reason the turkey became a traditional dish eaten at Thanksgiving. 











theship’s Master, which 
had a second bunk fora 
senior officer or guest. 
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The Mayflower II replica docked at 






Plymouth, Massachusetts | eg | Ry 
C ' 1 windl Original destination: & : 

An apparatus that enabled the 

sallors to raise and lower cargo he : 
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between deck levels. 
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The Mayflower arrived at the 
internal fish hook of Cape Cod 





A pole that was attached to the 
tiller. [twas used on1r7th Century 


ships forsteering purposes. 
Inside the 
Mayflower 


The Mayflower was a cargo ship that could be divided 
into three levels, which included the deck with masts, 
lookout and rigging, and the lower decks, which 
contained the staff quarters, gun rooms and storage 
areas. Below this, the hold contained passengers. 


O 


To discover more about this historic ship, visit Passengers of the 
Mayflower (www.mayflowersteps.co.uk), Mayflower Ship of 
Pilgrims (www.thanksgiving.org.uk), or check out the book 
Mayflower: The Voyage That Changed The World (2005), 
Christopher Hilton, History Press. 
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Stegosaurus 
Stegosaurus was 
slightly larger thana 
shipping container, 

butits brain was only 
the size ofa walnut. 
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Brachiosaurus 
The brachiosaurus 
usedits staggering 
16m (52.5 feet) 
height to reach 

tall vegetation. 
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Flexible 


Despite all this support 
holding thesauropod 
together, thedesign 
still allowed the 
creatures to remain 
surprisingly flexible. 


bo) fe ]ale| lave! 

The placement of the tendon 
in the vertebrae allowed 
sauropods to hold their 
necks and tails upright with 
minimal effort. 








Microraptor Raptorex Europasaurus Nemicolopterus Lariosaurus 
Le Fe This tiny raptor, resembling 60 million years before Sauropods are considered to This is the smallest known Lariosaurus is the smallest 
an odd-shaped pigeon, lived T-rex, raptorex is the be extremely large, but the ‘flying dinosaur’. It had a marine reptile discovered to 
in the early cretaceous smallest tyrannosaur under-a-ton europasaurus wingspan of 25cm (10in) date. It was about 0.6m (2ft) 
period. It was no more than discovered so far, weighing was comparable in size toa and weighed 0.1kg (0.2Ib). It long and weighed 9kg, 
“ACTS 30cm from head to tail and less than 70kg (1541b), much modern ox, averaging about came about 50 million years becoming extinct at the end 
BINSADES weighed less than a kilogram. less than its famous cousin. 3m (1Oft) in length. before the quetzalcoatlus. of the Triassic period. 









ie) YOK The biggest animal ever known to have lived on Earth, including dinosaurs, is the blue whale 


Pterosaur 
The hollow bones ofa pterosaur 
ensured it remained light 
" enough to achieve flight, 
even when reaching the size 
ofasmall plane. 


1 





Bridge 

The structure of a sauropod such 
as the mammoth 

was very similar to that of a 


modern-day suspension 
bridge. 








It’s somewhat frightening to 
imagine what it must have been 
like to wander around the plains 
of Africa and Argentina 100 
million years ago. Whereas today you'd be 
hard-pressed to encounter a beast any bigger 
than yourself, back then you'd be running for 
your life as bus-sized creatures roamed free, 
some remaining largely peaceful and distant, 
others full of aggression. 

The biggest land-based animal alive today 
is the African bush elephant, with the largest 
weighing a measly 13.5 tons and measuring 
10.6m (34.8ft) long and 4.2m (13.8ft) high. 
Argentinosaurus, the current official 
record-holder for largest dinosaur of them all, 
would have been at least four times the size. It 
was a sauropod, dinosaurs of the Jurassicand 
Cretaceous period that were mostly 
herbivores and known for being very large. 
Indeed, many other types of sauropod would 
have stood tall above the African bush 
elephant, as would carnivores, raptors and 
pterosaurs (‘flying dinosaurs’). 

Of course, the dinosaurs inhabited the 
Earth for much longer than any modern 
animal, from 251 to 65 million years ago, 
allowing plenty of time for certain species to 
develop into the giant hulks of flesh we now 
so revere. The biggest dinosaurs discovered to 
date have largely been determined to live in 
the Late Cretaceous period, 99.6-65.5 million 
years ago, before they faced extinction. 

Fora long time, though, palaeontologists 
have wondered why dinosaurs grew to be so 
large. While impressive, size can also bea 
hindrance. Not only does a large animal need 
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Muscles in the neck of a sauropod 
were connected to ribs by elastic 
ligaments, allowing movement but 
Vito e) ces (ebbareactonle)(cf-10le)ele am 


Vertebrae 

A huge tendon ran all the 
way from the neck tothe 

tailinside a groove on the 
spines of the vertebrae. 


© Science Photo Libra 


How were they 
supported? 


We examine the anatomy ofa 
sauropod, to see how these huge 
creatures were able to keep upright 


a much higher rate of metabolism, but it must 
also develop much stronger bones and 
skeletal structures to be able to hold itself 
upright. Many of these gigantic animals were 
also cumbersome and slow, leaving 
themselves open to attack from large 
predators. Why did dinosaurs continue to 
grow for millions of years, then? 

One train of thoughtis that there wasa 
huge surplus of carbon dioxide in the 
atmosphere during the age of the dinosaurs. 
This meant that vegetation flourished, and 
herbivores such as the sauropods simply had 
an over-abundance of nourishment available 
to eat. While somewhat ofa burdenin terms 
of manoeuvrability, their size would certainly 
have helped to some extent when fending off 
smaller carnivores. This leads to another 
proposal from palaeontologists, namely that 
some dinosaurs grew in size over millions of 
years asa form of self-defence. 

However, others think that these giant 
dinosaurs were cold-blooded, which was 
directly responsible for their size. Indeed, 
warm-blooded animals simply wouldn't be 
able to sustain such mammoth sizes, 
somewhat backed up by the lack of 
mammals larger than a few tons today. 

Huge cold-blooded sauropods, weighing in 
at up to 100 tons, would have been almost 
self-sustainable, as they could store heat 
throughout the day for the colder nights, 
maintaining a fairly unchanged body 
temperature and prolonging their survival. 

Turn over for a look at the truly humongous 
beasts that would wreak endless havocif they 
roamed our planet today. 
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“Argentinosaurus is the — 
largest-KNOWN CINOSCLifersas Say 
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Weight: >100 tons 
Argentinosaurus = sc" 
Height: 21m (7Oft) 

Argentinosaurus is the largest-known dinosaur to have ever Date: 
lived, based on fossilised evidence. Weighing in at over 100 Late Cretaceous ©3,6-65.6 Ma) & os 
tons and measuring as much as 45 metres (148 feet) in length, Group: Seuropodomorphs . —— 
this herbivore was wider and longer than a basketball court Bigger than: A basketbal) court oy 
and wasas heavy as a fuel-less jumbo jet. ; 

The vertebrae of the argentinosaurus were very broad, with Tail 
small peg-and-socket articulations above the spinal cord that PP oes saaver A y 
kept the backbones of these animals sturdy and rigid. In strong, with huge 
addition, the ribs of the argentinosaurus were hollow, muscles at its base 
possibly allowing for greater manoeuvrability. Although the allowing it to be 
skull, neck and tail of an argentinonsaurus have never been potentially used 
found, measurements made from a shinbone can estimate tata 
the size of the various features of this colossal creature. Each 
hind limb of the argentinosaurus would have been about 4.5 
metres (15 feet) long. Sail 

Tall bony spines growing 
upwards from the 


vertebrae of the spinosaur 
supported its characteristic 
sail-like structure. 


Spinosaurus 


The spinosaurus is often overlooked as the largest 
carnivorous dinosaur in favour of its more famous 
cousin, the tyrannosaurus rex. However, the 
spinosaurus would have dwarfed the popular movie 
star, measuring 16m (Saft) in length compared to 12m 
(39ft) for a T-rex. That being said, the characteristic 


Spinosaurus 
Weight: 12 tons 









Within its crocodile-like snout, an 
unusual feature for a theropod, were 


features of the spinosaurus — namely its fin-like spinal rows of conical teeth for hunting Length: 16m (52ft) 
protrusion —- make it one of the most recognisable and killing fish and average-sized Date: Late Cretaceous 
theropods. In the late-Cretaceous period, this 12-ton land-based dinosaurs. (99.6-65.6 Ma) 
creature would have been fairly common, with its Feet Group: Theropods 
sail-like spine adding to a fearsome display and At the base of the strong hind legs of the Bigger than: 
possibly helping to regulate its body temperature. spinosaur were three long, forward-facing claws. = A double-decker bus 


The other contenders 


There is some contention among paleontologists as to what the largest dinosaur of all time was. 
GLiDacceldivadetcneyes(@tclecsueycecele)le(sa@ neem elem celemol-)elsveeleeemeetclmice-becelarelect-lelalcMms(uialog 
there have been several other claims to the throne over the years. In the late-i9th Century, a 
paleontologist known as Edward Cope claimed to have found part of a vertebra that suggested 
he had unearthed a sauropod dinosaur (known as ‘amphicoelias’) measuring a massive 62m 
(203ft). Mysteriously, however, this bone ‘disappeared’ shortly afterwards, leading some to 
believe he had falsified the claim to get one over on his chief paleontological rival at the time, 
Othniel Marsh. It will be interesting to see if any more evidence of this giant creature is 
UbalarsDadeCceMbOMabiaunccmavelelselsymee)elccvele(ca-lelevimnvel@emlad (cm iM aslo isemicweabletcleelec\ectclepanicy 
which may possibly be the heaviest dinosaur ever discovered, coming in at up to 220 tons. 
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1. Liopleurodon 


A 25-ton sea-dweller, 
the liopleurodon reached 
lengths of up to 15m 


Head 
to Head 


THE REST 





© Nobu Tamora 


© John Conway 


The statistics... 
Quetzalcoatius 


Weight: <250kg 
Wingspan: 12m (39ft) 

Date: 

Late Cretaceous (99.6-65.6 Ma) 
Group: Pterosaurs 

Bigger than: A small plane 
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Quetzalcoatlius 


Although not technically regarded as ‘dinosaurs’, pterosaurs were around ata 
similar time and are often (somewhat incorrectly) referred to as ‘flying dinosaurs’, 
much to the ire of some palaeontologists. Nevertheless they were impressive 
creatures, and none moreso than quetzalcoatlus, the largest flying animal ofall 
time. Its huge 2.5m (8ft) skull housed an elongated mouth that was used to hunt land 
animals including dinosaurs and other vertebrates. Despite its size quetzalcoatlus 
was comparatively light as its bones comprised a series of airsacs, a useful feature 
for such a colossal creature aiming to take to the skies. While most other pterosaurs 
fed on fish, quetzalcoatlus was somewhat unique in its hunting of land animals, no 
doubt useful nutrition to fuel its giant metabolic needs. 


© Amphicoelius Fragillimus 

© Bruhathkayosaurus Matleyi 

® Argentinosaurus Huinculensis 
® Supersaurus Vivianae 

- Diplodocus Hallorum 

® Sauroposeidon Proteles 





HADROSAUR 





DUR Lee Despite its giant wings, some research has suga 


A dinosaur of the hadrosaur 
genus, this duck-billed herbivore 
was very common in the late- 
Cretaceous period. It was 

about 15m (50 feet) long and 
weighed up to 50 tons. 








How !t Works: Can you describe 
your current role within the world 
of palaeontology? 

Mike Benton: | work in a 50:50 
teaching and research position - | 
teach undergraduates, both 
geologists and keen palaeontologists, 
and especially | teach Masters and 
PhD students. Every year, some 
20-25 new Masters students and 
four-five new PhD students come 
from all parts of the world to work 
with us, and | really enjoy working 
with them to help them develop their 
careers. In research, | work on several 
topics by myself, on others with my 
students, and on others with 


_ collaborators around the world. 


»!W> Could you briefly 
summarise the key methods 

and techniques used in 

the identification of 

prehistoric creatures? 

MIB: Palaeontologists identify fossils 
based on the existing knowledge of 
living and extinct forms. The fossils 
are often incomplete, and usually 
show only the hard parts, such as 
shells and bones. But, if there is a 
living relative, these parts can be 
identified, and a fair attempt made to 
identify what the fossil is. Usually, 
palaeontologists have many fossils of 
the same animal or plant to work 
with, and they can compare these. 





HIW: Can you describe some of 
the challenges involved in 
identifying a dinosaur? 

MIB: Dinosaurs are all extinct, and 
their closest living relatives, the birds, 
are so different that it is hard to make 
useful comparisons in many cases. 
But, when complete skeletons are 
known, all the bones can be identified 
from knowledge of living forms, and 
the skeleton can be reconstructed. 
This usually shows basic things, such 
as whether the animal walked on all 
fours or on its hind limbs only, what it 
ate (are the teeth sharp or not?), and 


2. Shantungosaurus - 





> 4 


I 


© Nobu Tamora of all time. 


Dinosaur identification 


Mike Benton, Professor of 
Vertebrate Palaeontology in 
the School of Earth Science at 
the University of Bristol, UK, 
explains how palaeontologists 
can estimate the size ofa 
dinosaur from fossils and 
other techniques 


whether it could have used its hands 
for grasping things. 


H!IW: How are paleontologists 
able to discern how large a 
dinosaur is, and how can they 
estimate its diet? 

IIB: The dinosaur skeleton will itself 
be large or small. The best guide to 
body weight for a fossil form is to 
measure the leg bones. The femur 
(thigh bone) is particularly useful - 
because weight (= mass) is a 
three-dimensional measure, we look 
for something that increases and 
decreases in proportion to mass, and 
that is the diameter of the femur. So 
you get a good relationship between 
femur head diameter and body mass 
from living birds, crocodiles and 
mammals, and dinosaur body 
weights can then be estimated from 
this regular relationship. Diet is 
determined from overall tooth 
shape - curved and pointy for 
meat-eating, and broader for 
plant-eating. It’s hard to be more 
precise, because we don’t have the 
data set of comparative information 
to tell exact plant food from wear 
marks and scratches on the tooth 
enamel (used for determining the 
exact diet of mammals). 


HIW: What, in your opinion, are 
the most important discoveries 
made in the past 50 years? 

MB: Well, first, the realisation that 
dinosaurs were active and dynamic 
animals, dating from the work of John 
Ostrom in 1969 on deinonychus, and 
Bob Bakker in the Seventies on 
dinosaur warm-bloodedness. Second, 
the paper by Luis Alvarez and 
colleagues in 1980 that showed the 
first evidence that the Earth had been 
hit by an asteroid 65 million years 
ago. This has been much confirmed 
since then, and even the crater has 
been identified, all showing the key 
role of this in causing the extinction 
of the dinosaurs. 
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3. Utahraptor 
Weighing in at a sizeable 
680kg (1,499|b) and 
measuring 6m (20ft) in 
length, the utahraptor 

- was the biggest raptor 





“Everything about it was 
designed for speed 


Look inside a record-breaking steam train 


The Mallard __ 
steam locomotive 


Beautiful, sleek, powerful, and to this day 
the fastest steam train on Earth. 
Introducing the Mallard steam locomotive... 


Anew double chimney “ y Double chimney 7 
wiged aaleaaecbbeks a : y Before the Mallard, traditional 
















*) steam trains had been fitted with 


a. 4 just one chimney, which limited 
Po i ro their exhaust rate. 
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© Phil Sangwell 
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Steam engines use coal-powered boilers to 

generate steam, which is funnelled under 

pressure down aseries of pipes, kKnownasa steam 
circuit. This steam moves pistons that are 
attached to the train’s wheels, and this is what drives them. 
The exhaust steam is then released via the funnel at the front 
of the train. The system is effective, but ifthe boiler is put 
under too much pressure it can explode, devastating the 








. ‘Wh: oie . a . —= ro -” — -—_ ee ie 
engine and killing or injuring the crew. Likewise, the exhaust =_—S* es SS ee —_ : 
ii ==... } a a === “Num, 
has to beas efficient as possible, drawing steam and exhaust —— “2D — ——ea ee : 
fumes out to both minmise pressure in the system and to - SL, am am 
allow more steam to be drawn through ata greater speed. Chassis 7 


This is where the Mallard excelled; everythingaboutthis The Mallard’sstream!ined shape 
locomotive was designed for speed. The streamlined body, helped it reach speeds of overxoomph. 
tested in a wind tunnel, meant it could run at over 100mph for a i << 
extended periods of time. However, the secret of its success The Mallard in 4 ,, te ste 
lay in its double chimney, which allowed for fasterventing of (Rossy cain ji 
exhaust gases at speed and its Kylchap blastpipe. Mallard was en a 4 
the first locomotive of her type to be fitted with this system vf 
from new. Its four linked exhaust pipes draw more exhaust “my Tt af 
gas through the system at a greater speed and with an even . F 
flow, minimising wear and ensuring that the boiler, steam 
circuit and pistons could work at maximum efficiency. 

Mallard was literally built for speed, and on 3 July 1938 it 
reached 125.88mph on East Coast Main Line, south of 
Grantham. Mallard still holds this record, making it the 
fastest steam locomotive in the world, not to mention one of 


the most beautiful. © PTG Dudva 
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1. Mallard 


The fastest steam train 
in the world, the 
Mallard’s top speed 
was a record-breaking 
125.88mph due to 
pioneering technology. 


' 2. Shanghai 
Maglev 
_ ~ Opened in 2004, 
wm, China's Shanghai 
_“® Maglev transport 
system reaches speeds 
of up to 268mph. 


3. The bullet 
train 

Japan's bullet train, or 
Shinkansen, a network 
of high-speed railway 
lines, can reach travel 
at up to 275mph. 

















The Mallard steam locomotive operated from 1938 until 1963, when It was withdrawn from service 


Built in 1938, the train reached 
then-unsurpassed speeds 
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The technology behind 
this speedy machine 


Kylchap blast pipe 
The Kyichap system was 
pioneered by the Mallard’s 
designer Sir Nigel Gresley on 
the Flying Scotsman. 


a 


Steam circuit 
This network of pipes 
drewsteam through the 
engine, driving the wheels 
and then being vented 
through the exhaust. 


ern eta 


“468 Mallard * 


Designer: Sir Nigel Gresley 


Manufacturer: LNER 
Doncaster Works 


Year built: 1938 


- Dimensions: Length: 21.3m 
(7Oft), width: 2.7m (9ft), height: 
3.9m (13 ft) 


Weight: 104.6 tons 
Boiler pressure: 25Opsi 
Top commercial speed: 


———n eee o ——— = The Mallard’s six-foot, eight-inch Water in this boiler is heated 126mph (202./km/h) 
CO | = drive wheels meant that the into steam and drawn Top speed record: 125.88mph 
_ noe - maximum revolutions per minute through thesteam circuit to (202.5km/h) 
© DK Images ae oe. = oy ALS for the engine could be reached, drive the pistons thatinturn Status: Museum exhibit 
again maximising its speed. drive the wheels. 
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Inside an ancient army cam 
















“The Romans were expert builders and they 
had perfected the art of masonry” 









Se SS is Fae: 
= > See ; : 7. 
Insidea Ditch SS SS _ © Stables 
, Theditchwasdesigned ~~ = we The Romans kept horses in 
Roman _ toprevent enemy = = stable units. Itis thought that 
‘ | _ warriors from gaining Pa most forts had stables alongside 
“Sx. access to the fort. ay acentral manure pit. 
~~ 
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The principia 
The administrative Crd*e 
building. It was situated t. : 
before a large parade yard, Ls as) 
where the commander ; 
addressed his troops. 


Gates 


The Romans would build four gates at each 
side of the fort. They consisted of large, 
recessed doors made of thick, strong timber. 
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The rampart wasan 
effective barrier against the 
enemy -they would often 
build causeways to breach 
Roman defences. 


Discover how the Roman invaders constructed 
their many strongholds around Britain : 


When the Romans invaded Britain, they 
monopolised native strongholds. As 
time passed, they built base camps that 
allowed their armies to travel safely 

through the country. At first they fortified these 

camps with timber, then from the 2nd Century AD 
they used stone. The Romans were expert builders 

and had perfected the art of masonry by creating a 

revolutionary new material that was known as ‘opus 

caementicium’ -a concrete made of rock, rubble or 
ceramic tiles. Walls were built by placing mortar and 

stone in large wooden frames, and the result was a 

facing that has endured centuries. Opus 

caementicium was regarded as an innovative 
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tradition dictated that each fort had four stone 
gateways, it was equipped with watchtowers that 
could reach an impressive nine metres (30 feet) high. 

The fort worked on many levels -it served asa 
barracks, hospital, workshop, granary and stables. 
Every structure included a main street that ran 
unimpeded through the camp. In the centre wasa 
parade yard and a commander’s headquarters. 

The Romans placed great emphasis on 
cleanliness, and so sanitary conditions were 
especially important. Forts had public baths and 
private latrines, consisting of rows of seats situated 
over a channel of running water. Drinking water, 
meanwhile, came from wells. 


discovery, enabling the Romans to create complex 
structures such as the arch and the dome. 

Engineers built their forts on modified terrain - 
often chosing the summit or the side ofa low hill, 
near a river or stream. Roman strongholds were 
built bya specialist corp that included a chief 
engineer; much of the manual work was undertaken 
by soldiers. Officers known as metatores were sent to 
mark out the ground for an encampment, using a 
graduated measuring rod known asa decempeda. 
Each fort was erected with a wide ditch, and also 
included a stockade or defensive barrier made of 
timber posts or stone. The Romans used the residue 
earth from the ditch to create a rampart. While 





cTrmp Gods of War - The hospital - Cleanliness - Thegamescontinue - Onparade 






—J | | S| aa We can learn a lot about the ; This was a rectangular ; Large fortshadbathhouses_ The Romans erected ; Soldiers adhered to several 
| 2 om = ‘sew Roman religion by lookingat —s_ building that couldhouseup- in the central area of the : amphitheatres near forts; . official festival days. The 
Ff * f i 2 ' portable altars found at forts. _ to 60 wards. Hospitals are ; camp. Places of relaxation : the most famous Britishone _ most important festival was 
=s in ; ; - _ eG ‘ : British finds include images : thought to have contained - and gambling, they often ; was at Caerleon. Combat : at the beginning of the year, 
r :| UIVIAIN of Minerva, the goddess of . small hearths, used for the : contained an altar dedicated ~ between humans and : when they renewed their 
FORTS righteous warfare. : sterilisation of instruments. to the goddess Fortuna. ° animals was viewed here. . oath to the Emperor. 
fe SEE ow 
DIDYOUIKNOU » Ronn PV | je. LOOK hires 

Granary : . = a 

en a EB. was Mig qa’ “« 


» Raised above groundinorder » , 
to allowa free flow of air, the 
granary stored grain, wine, 


meat, vegetables and cheese. 


=: = Yar | “a » |B ew ” 

The buccina (a type of trumpet} marked the start of every new day. 

The soldiers were highly disciplined — military aspirations anda strict 
code of honour dominated their lives. They practised sword fighting, 
hand-to-hand combat and military manoeuvres. Roman soldiers 
endured a gruelling regime that included running, swimming and 
marching over long distances. The day of a soldier could be divided into 
phases that revolved around ‘the watch’. There were a series of eight, 
three-hour watches, known as the ‘vigilia’, and each change of watch 
was signalled by the buccinator (buccina player}. Sometimes soldiers 
were i] or sustained injuries, so the Romans instituted a permanent 
medical corps and hospital in the fort. The fort could also act as a trading 
station where vendors sold crafts, animals and food. It was here that 
liaisons, both romantic and political, were established. 





















Roman soldiers lived 
according toastrict timetable 





Vercovicium 
Housesteads (or 
Vercovicium, which 


Barrack block means ‘hilly place’) is 





Aseries of long rectangular afortsituated high 
buildings. Each sleeping up in the north-west " 
quarter had two rooms, one for of England. 

the soldier’s use and the 


second to store his equipment. *. 

Hadrian’s Wall ‘ . : ie Tis 
Housesteads is the best | oe 7 ) This fortwoulg have~~ 
preserved of the 16 forts 1 ao = . ~ beenthehomeofa 
along the length of eP Car? a : garrisonofarounda 
Hadrian’s Wall. . | ; thousand soldiers. 


wa Early use of concrete was 
widespread throughout 
the Roman Empire 





Houses teiitls fortwas built 


_ 


* around AD124. The 
archaelogical remains 
here arevery impressive. 


© Science Photo Library 








The Bastille 


‘The positioning and circular 


. ‘ 





Stormed during the opening days of the 


French Revolution, the 


Bastille epitomised the 


power of France’s ruling Bourbon monarchy 


The Bastille was originally 
built by Charles V, asa 
fortified gate to the Paris 
city walls in the mid-14th 
Century. It was originally intended to 
aid the defence of Paris from English 
attack, as hostilities between the 
nations were ata heightened peak. 
However, by the 17th Century, the gate 
had been transformed into a full-blown 
military fortified armoury and prison, 
used by the French monarchy and 
nobility to detain political 
troublemakers and convicts. 

Holding on average 40 enemies of 
state at any one time, the prison 
became synonymous for the state's 
authority and fascism, with people 
interned bya simple lettre de cachet (a 
direct arrest warrant that could not be 
challenged), which was signed by the 
King. Further, under the reign of Louis 
XIV, the Bastille became a place of 
judicial detention, where the lieutenant 
de police could hold prisoners. It also 
became a storage facility for any 
prohibited books and pamphlets 
(usually political or religious) deemed 
undesirable by the state. 

The structure of the Bastille focused 
around eight, 30m (98ft)-high towers, 
linked by massively reinforced stone 


Inside the 
Bastille 


Armament 

The Bastille was 
constantly stocked with 
armaments for use 
against prisoners, and 
in warfare if Paris 

was attacked. 


Entrance 

Originally there was 

more than One entrance to 
the Bastille. However, 

by the 18th Century it 

was only accessed by 
guarded drawbridge. 












Immediately to the 
right of the entrance 
were apartments for 
lower-status officers 
and, if class/money 
allowed, prisoners. 
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walls. The walls, which were 3m (10ft) 
thick at the base, were surrounded bya 
24m (79ft)-wide moat, which itselfwas 
surrounded by a series of other smaller 
fortified walls and structures. The 
positioning and circular shaping of the 
towers not only vastly increased the 
defensive resistance of the Bastille but 
also gave the soldiers mounted on top 
great 360-degree vision, capable of 
viewing the interior courtyards and 
surrounding territory easily. The 
linked nature of the towers also 
allowed soldiers to move from tower to 
tower, without having to descend to 
ground level first. 

The interior of the Bastille consisted 
oftwo main courtyards, offices, 
apartments for lower-status officers, a 
council chamber for interrogation, 
multiple armament stores, dungeons, 
cells, dwellings for turnkeys, a kitchen 
andasmall chapel. Cells varied in type 
dramatically, ranging from dark 
dungeon rooms filled with rats and 
water through to spacious apartments 
with stoves, chairs and beds, up to 
cramped and supremely cold tower 
rooms, where moving freely was 
incredibly difficult. The type of room 
that a prisoner was interned in 
depended on their social class (nobility 


The Bastille had a large kitchen, as 
well as lodgings for staff. Asmall 
chapel was next to the kitchen. 


Council 

In the centre was the council 
chambers, where prisoners were 
interrogated by officials. 







* 
‘ 


were allowed the better rooms and 
even outside guests), amount of money 
and seriousness of crime committed. 
Execution was handled in three 
main ways within the Bastille: hanging 
by the gallows, beheading by the axe, 
or burning at the stake. Nobles were the 
only class of person who hada sayin 
how they died, given the chance to opt 
for beheading, which was seen as the 
proper way for them to be executed by 
the aristocracy. Interestingly, due to 
the vast publicinterest and attendance 
at beheadings, they were never 
scheduled on the same day asa 
theatre premier. 









_ shaping of the towers increased — 
ey the Bastille s defensive resistance 


Whot went on inside the Bastille : 
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= Thestorming of the 
lle on 14 July1789 


1 Fee 
In general, the Bastille delivered a far 

greater level of comfort than most other 
prisons in use at the time. However, due 
to its housing of many political activists 
and enemies of the state, itbecamea 
symbol of the monarchy’s decadent 
and fascist regime. This came to a head 
0n14July1789, when revolutionaries 
approached the Bastille in order to ask 
its governor, Bernard Rene Jourdan, to 
release the large amounts of arms 
contained within to aid their cause. 
Jourdan was evasive; angered by his 
seemingly pro-monarchy actions, the 
revolutionaries subsequently stormed 
and captured the Bastille. 


Sat under the bases of 
the four towers were 
the Bastille's dungeon 
prisons. These were 
cold, damp, filthy and 
filled with rats 

and insects. 


rds 
There were two courtyards in 
the Bastille, a large primary 
and asmaller secondary. 
Inmates were allowed to 
stroll the courts and receive 
visitors there if they wished. 








Towers 

The Bastille’s eight 
towers were 
installed with spiral 
staircases and rooms 
on each floor. The 
topmost room was 
incredibly cramped 
and freezing cold. 


Ahoy! - Having Olaf - Go east! - Horny issue - Son of God 


Due to their penchant for The last Viking chief in the . While the Viking raids ofthe. It’s amisconceptionthatall . The most famous Viking 
plundering, burning and ; old independent tradition . 10th and 11th Centurieswere Viking warriors wore ; was Ragnar Lodbrok. He’s 
killing, ‘Viking’ was a word ; was Olaf Il Haraldsson of ~ mainly in western Europe, : horned helmets. On the best known for his assertion 
used to describe a pirate in : Norway. Other chiefs and : small bands of mentravelled — contrary, most Viking : that he was a descendent of 
early Scandinavian : bands were absorbed into : to the east, reaching as far ; helmets probably featured Odin, the foremost God in 
languages. . the army asa warrior caste. = into Asia as Constantinople = ittie ornamentation. Norse mythology. 










Responsible for mass 
pillaging and sacking 
over western Europe — ] sath 
throughout the 9th ae publ edged swords ween 
to 11th Centuries . 


AD, Vikings were Sow then 
° be constructed from iron, 
fearsome warriors witharounderpeakedap 


metal plates. Eye spectacle 
protectors and nose guards 
were common. 
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From the earliest reported raids in the 790s 
AD, the Vikings —- Scandinavian explorers, 
warriors, merchants and pirates - wreaked 
havocamong western Europe, sacking 
towns, besieging cities and conquering nations. Indeed, 
it wasn't until the Norman conquest of 1066 that the 
Viking age was finally extinguished, a period of time that 


lefta marked, lasting imprint on the continent - one that Secondary LG : 
is still evident today. weapon wt = 
— 


Foremost of these echoes are the burial mounds of Most Vikings also 
carried a smaller, 









a. 





their warrior kings, tombs laden with the treasures, 


armour and weaponry that they won and possessed a ae eee 
during their conquests. Gigantic axes capable of splitting primarywas 
aman’s head in two, swords with jewelled hilts and unavailable. These 
blades over a metre long and intimidating masked were usually seaxes, 


small straight knives 


helmets h rth lli -albei 
elmets have been unearthed, telling a story—albeit chateould te teat, 


incomplete - of the lives and battles these humans lived. <mbakes tite 
Agreat example of this custom can be seen in the burial Malina cients 
complex at Sutton Hoo, Suffolk, England, an outstanding animals, etc). ae 
undisturbed ship burial that relinquished a wealth of and Sa & 


Anglo-Saxon artefacts. also carried. 7 


Other traces of this warrior culture have transcended 
the ages via runestones, these markers were left by 
Vikings to commemorate great victories, exhibitions or 
disasters that befell them on their travels. One of the most 
notable examples, and one that best helps us to 
understand the travelling-band nature of Viking forces, is 
the Ingvar runestones located in modern-day Sweden. 


This series of 26 stones was erected as a monument to ™ : ; “Intermsofléngth, it? 
fallen members of Ingvar the Far-Travelled’s 1036-1041 ee a ee a oh | inthe 
expedition to the Caspian Sea. The stones tell ofa great ae | > | . So “ Sgr ater 

battle (probably the battle of Sasireti, Georgia) where Wat bs ~ oe > RD . = > a - thick fabric clothing. 


many men died. One of the most poignant reads: “Porfriér 
raised this stone in memory of Gauti, his son. Gauti met 
his end in Ingvarr’s troop.” 

This was the fundamental polarisation of the Viking 
way of life. Their exploratory nature and fierce combative 
skills won them much during early-medieval Europe, 
with great cities and cultures ravaged by their roving 
bands. However, as they eventually learned in 1066, ifyou 
live by the sword, you die byitalso. 


Shield 
Shields were circular and were 
constructed from lime, alder and 
poplarwoods. Shield sizevaried — 
massively however, ranging from18 
4 inches up toa gargantuan 48 inches. 
Areplica of the famouay Shield graphics also varied, ranging 
Viking ceremonial helmet — from single colours up to complex 
excavated from Sutton Hoo _ : Norse symbols. 


- 





©York Archaeological Trust JORVIK2011 
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The galleon becamea 
major fighting ship 





Legendary ship of the seas 


Mian of wa 














Highly versatile and powerful ships capable of trade, diplomacy and combat, the 
man of war was the most prominent of armed ships from the 16th to 19th Century 


Spanning a whole variety 
of ship designs from the 
1500s to 1850, but typified 
by the galleon and ship of 

the line class of vessels, man of war 

ships were exemplars of ship-building 
expertise, delivering high 
manoeuvrability, storage capacity and 
firepower. They worked by taking the 
roundship and cog ship designs that 
had been the staple for European 
trade, transport and warfare since 
medieval times - both were powered 
by oars instead of sails -—and added 
multiple masts, decks and cannons as 
well as more advanced rudder 
systems. These additions meant that 
long-scale voyages were now possible, 
opening up the largely uncharted 
world to nations and merchants 
looking to exploit the Earth’s natural 
resources —- events that lead to the 
great Age of Discovery. 

One of the most notable man of war 
ship designs was that devised by Sir 
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John Hawkins, treasurer and 
controller of the British Royal Navy for 
Elizabeth I, anda key player in 
defeating the Spanish Armada in 1588. 
Hawkins’ man of war-a name chosen 
by Henry VIII - was adapted from the 
Spanish galleon and Portuguese 
carrack and had three masts, was 60 
metres long and sported a maximum 
of124 cannons, four at the front, eight 
at the back and 56 on each side. 
Powered by sail and witha high (for 
the time) top speed of nine knots, 
Hawkins’ man of war proved to be 
incredibly successful through the 17th 
and 18th Centuries. It was chosen and 
adapted by Sir Francis Drake on 
numerous expeditions. 

The last man of war ships to be 
designed were the grade-one listed 
ships of the line in the late-18th and 
19th Centuries. These were colossal 
warships designed to be used in line 
of battle warfare, a naval tactic where 
two columns of opposing ships would 


try to out-manoeuvre each other to 
bring their largest cannons into range 
of the enemy. They were built 
primarily for combat and - as was 
demonstrated on Lord Nelson’s 
well-known flagship HMS Victory, 
which sported a massive array of 





TMS Vietery? One of the 
finestman ofwar examples 


32,24 and 12-pounder cannons - 
were incredibly well-armed. For 
these first-rate ships of the line, 
trade was merely an afterthought, 
coming behind transport, 
diplomacy and combatin both 
functionally and priority. 





Cc TO rs Caravel Galleon Henry VIII 1588 Drake 


ak ) ! | eat The man of war developed During the 15th Century the The first English man of war Heading up Henry VIII’s The versatility of the man of 
= A | a _ — from the Portuguese trading caravel was adapted by the was named by Henry Vill in navy was John Hawkins, the war didn’t go unnoticed; Sir 

5 =/ { : aa] = ship the caravel, designed by Spanish into the larger the 16th Century, who used ship builder and slave trader Francis Drake adapted its 

= “A pts TIC i rv7t = Prince Henry the Navigator galleon type. These ships the ships to travel while who went on to be knighted design to develop a smaller 

I 1A. Ni LJ mn i'/alae for exploration and to expand = were more heavily armed performing diplomatic after the Spanishnavywas more agile ship referred to 

Ss HIP iS aaa trade routes. } than their predecessors. 4 missions abroad. destroyed in 1588. t as the frigate. 





ie) YAO The man of war replaced the European cog as the main trading vessel in the 16th and 17th Centuries 


me 
f nside the ss toman ofwarships 


wasa two-to four-mast design. 
man of war t= 
mizzen mast, central main 


* . 4 mastand forward foremast. 
What made this ship design Notall manofwarships were 


so dominant for so long? square rigged, however. 


‘ee 


Man of war 
evolution 


Follow the chronological 
development of the man of war 











































Quarterdeck 
The quarterdeckwas the 15th-16th Century (caravel) 
neem denen Agalleonhadplentyof | Asmall, highly call 
took place and, while firepower at its disposal manoeuvrable sailing 
in port, the central ship developed in the 
control point forall 15th Century bythe 
major activities. Portuguese, the 
caravel was the 
- > predominant 
= exploration and 
T= mm trading vessel at the 
1 eon Tt is = time operating in Europe and Africa. It was also 
. ae iad — Ee = used in naval warfare. 
> a. = wee : i 


15th-16th Century (carrack) 

poe  Athree or four-masted ship used in 
A “\\” Europe, the carrack is 

A considered the forerunner of 

. thegreat ships of the age of 

sail. Slightly larger than the 
caravel it could undertake 
longer trading journeys. It was 





armed with few cannons. 
af wy 16th-18th Century (galleon) 
= a > * Used for both trade —— ae? 
ms and warfare, the 





galleon evolved from 
the carrack, and 
t included a lowered 
Ae Ris forecastle and 
| i : elongated hull for 
if 


gate 


improved stability and manoeuvrability. It had 
ea abe ale 2 2 : multiple cannons on multiple decks and 
es aes | aims | y yt baa} became a major fighting ship. 


17th-19th Century (frigate) 
— ~~ Smaller than 

__ galleons, frigates 
were similar to ships 
of the line but were 
faster and lightly 
armed. They were 
often used for 

aaaaee OT os, erecta nate ae ‘ : _ patrolling and escort 
. SB Ee Ke mini s Say missions as well as protecting trade ships and 
- Spee tN , | trade routes with their cannons and crew. 


17th-19th Century (ship of the line) 


_ 
_ 
7 


a 
tt) ae 















_= 





= — Thelargestships builtinthe 
C end great age of sail were sh xe 
pwceenaleniscan ofthe re massive ” a 
ships were primarily Whilevarious types of Due to the large size of aba acai f 
used for exploration cannons were used on the ships used -with warships designed to 
and trading even man ofwar ships, 2,540kg much room needed for engage with each 
though they were demi-cannons were their extensive cargo, other in line warfare. 
ae ne a ee to wie a and ind These were primarily 
was diverse due tothe 490-metrerangeandsix- |§ members-thesizeofthe 
exotic locations they inch calibre. Demi- anchor wasalso massive, combat vehicles and 
visited and included culverins and sakers requiring many men sported monumental 
foodstuffs, precious were alsoinstalledin towinch it up from the firepower. 
metals and slaves. various quantities. ocean floor. 
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Tudor building construction 


Tudor houses 


“Daub ts a primitive form of plaster 
made froma mix of wet soil, sand, 
clay, straw and animal dung 





Despite retaining the medieval taste for a Gothic style, the Tudors drove 
change in how houses were constructed through the late-15th and 16th 
Centuries. Read on to find out how the process worked... 





1. Foundations ¢ 
Tudor houses were built upon 
stone foundations that were 
inlaidintothegroundand | 
encircled by a raised step. 
The legs of the house’s 
frame would rest onthe 
step, often slotting into 
holes. 





Tudor houses were built following a 
half-timbered design. First, stone 
foundations were laid and encircled 


witha raised, hole-filled step into which 
timber frames were slotted. The original frame was 
hoisted into place by manpower alone and then 
used asa lifting platform to pull up the next frame 
with ropes. The frames were typically made out of 
oak, as the wood was common in Britain at the time 
and strong considering how easy it was to cut by 
hand. Due to the beams being cut by the hands of 
human carpenters, they were often rather uneven 
and -as can beseen today - led toaslightly bumpy, 
off-kilter finish. 
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2. Frame 


Second, the house’s chimney was installed, 
which for the time was revolutionary. Before Tudor 
architecture became standard in the 16th Century, 
buildings tended to be heated using the ‘great hall’ 
design, where a single large room would house an 
open fire and disperse smoke through holes in the 
upper walls and roofing. This led to a heated but 
smoky main room and was impractical in anything 
other than hall-sized areas. The enclosed fireplace 
and chimney structure allowed Tudor houses to 
disperse smoke efficiently, allowing for smaller 
rooms to be heated. During this stage the first floor 
was boarded and stairs were installed, both made 
from wood, and the jetty support beams prepared. 


Frames in Tudor houses were built out of 
wood in what is now referred to as a half- 
frame design. Oak tended to be the 

wood of choice due to its prolificacyin 
Britain and its good strength. 















Once the building’s frame, chimney and 
floorboards were fitted, the gaps in the timber 
frames were filled with wattle panelling and then 
water/wind-proofed with daub. Wattle panelling is 
characterised by a latticework of thick wooden 
sticks interwoven to create a flat surface. Daub is 
a rather primitive form of plaster, made from a mix 
of wet soil, sand, clay, straw and animal dung. 
When combined, these completed the walls of the 
Tudor house. 

The building was then roofed, either in thatch - 
which was common for secular buildings at the time 
- or crudely tiled, as well as having its windows 
installed. Glass creation in the Tudor period was 
























CTMpD . 6,000 Wonky Herald Trust i 
— | | : us — ; The wattle-and-daub used to Wooden frames tended to The Tudor house’s adoption In Britain, most large-scale, A main ingredient of the 
7 aoa, a — a — build Tudor houses has been be oak, which was common of modern chimneys and original Tudor houses are daub glue material that 
| ol - | | an | used for over 6,000 years as in England at the time. They enclosed fireplaces marked owned by the National covered the wattle lattice 
Sect este 7 o_ a building material, ranging would often warp, leading to the decline of the medieval Trust, whichis dedicatedto was animal dung, which was 
qT UJ i a] i from North America to | many original Tudor houses staple of a great hall, a large maintaining the quality of mixed in with wet soil, sand, 
CONS) TRIICT TON - Western Asia. y to appear wonky. room heated by anopenfire. the structures. b clay and straw. 
CUNIINULCIIUIN 
ie) YAR Victorians coated Tudor houses' wooden beams with tar to make them waterproof 
= = 6. Windows Little Moreton Hall, a15th-Century Tudor 
8, 7 he | F FP RS rs oo As glass was still in its infancy asa manor house located in Cheshire, England 
Head? ots BO Sl OE & | eA material, large panes could not be 
a gi _— created for Tudor houses. To create 
Te Be , 1) a | | 1 fh windows, multiple smaller pieces 
mR 4 a By ie | BL, J eel Ge were held together with lead R 
. —— lattices and supported by dedicated eb. 

Chimney wooden beams.Window frames .»” | 

3. were also madefrom wood. = ~ vs 


Replacing the medieval great hall system of 
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dispersing smoke, Tudor houses introduced 








enclosed fireplaces and chimneys to channel + + » ee Se 
the smoke out of the building. . Beene aieatarts staata 
— Oi Nova NRO 
— AVIS NIVINAAY 
-Vaub i ets TTR EY AN NY 
Daub isa sticky, binder substance made from wet : fos /) JAN ‘\ 
soil, sand, clay, straw and animal dung, which VAANAAY 
Tudors used in conjunction with wattle panelling. . \ AV) M. 
The daub helped fix the wattle in place and , 1. * : 








Agood example of how 
daub was used on top 
ofa wattle lattice to 
create wind- and 
water-proof walls 





, 
| 4. Wattle , 
4 wii armeeaie Asheet of wattle under 
branches. Tudor construction 
y 4 ) houses used wattle to 
"= 7. Jetty fill the holes between 
, 4 Due to space considerations in cities, many Tudor the timber frames. To 
houses were built with a jetty, which allowed the affix itin place itwas 
first floor to overhang the street below. used with daub. 
primitive compared with today’s modern window frames. A good example of these 
standards and craftsmen were unable to create changes can be seen in the oriel; this isan 
the necessary large single panes. Tudor windows overhung, multi-sided window cantilevered out 
were therefore constructed from numerous from either the building’s first or second floor. 
smaller panes which were held togetherinplaceby Daubtendedto be coated inan ochre-coloured 
aniron latticework ina tall, thin frame. Due to the pigment while the wooden beams of the building 
combined weight ofiron lattice and thick glass, remained exposed. 
the wooden window frames needed to be The archetypal tar black beams and 
supported by a dedicated wooden beam which whitewashed daub was not actually widespread 
was positioned underneath. during the Tudor period, but more a product ofa 
Finally, the external trim and decorations were movement of Victorian romanticisation of the 
completed, which due to the influence of the Tudor period later in the 19th Century, with many 
renaissance on16th-Century Britain, led to big traditional and mock houses being repainted to 
changes in artwork, carvings, doors and also give them the effect we still often see today. “ 
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The iPhone Book is the ultimate very best available for the iPhone 4, to master all aspects of switching to and hardware. From Zeldato 
resource for getting the very best with every single App Store category Mac including OS X, Snow Leopard, Asteroids, this book covers all the 
from your Apple device. featured inside. Mail and Safari. classic games from days gone by. 
SRP: £9.99 SRP: £9.99 SRP: £12.99 SRP: £9.99 
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Mant Neve apo. 

Setting up your Prone 

Cxner vad qascbe to Tiare essentia! 

Troubseshooting tutoram tips inside 
iPhone for Beginners The iPad Book The Complete iPhone Tips, Tricks, Apps 
Everything you need to get started The ultimate guide to iPad and iPad 2, Photography Book & Hacks vol 5 
on your iPhone. With step-by-step this comprehensive book brings youa With fantastic shooting ideas and Step-by-step tutorials and in-depth 
tutorials, the 100 essential apps and wealth of productivity, entertainment a wide variety of practical tips, features covering the secrets of the 
a troubleshooting guide, thisisa and lifestyle tips, along withallthetop this tomeis the only resource for iPhone and the ultimate jailbreaking 
must-have for iPhone owners. apps to download. digital photographers. guide make this a must-own book. 
SRP: £9.99 SRP: £9.99 SRP: £12.99 SRP: £9.99 


Prices may vary, Stocks are limited and shipping prices vary 
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Photoshop 
CS5 GENIUS GUICe 
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Image editing « Digital art « Too! quides 





Photoshop CS5 Genius Guide 
Over 200 pages packed full of advice 
for Photoshop CS5users, including 
tool guides, step-by-step workshops 
and a free CD with over 60 minutes of 


top video tutorials. 
SRP: £12.99 


ive bookazin 





3D Art & Design vol 2 

Covering characters, environments, 
architecture and transport, there is 
something for everyone interested in 
3D design in this book. Become a 3D 
master inno time atall. 


SRP: £14.99 


Master the tools of Photoshop fq 


Photoshop | 
creative col lection 





SREY 


gee ome ee ee Pee ee 


Photoshop Creative 
Collection vol 7 

This latest addition to the Photoshop 
Collection includes excellent guides 
to improve your image editing skills 
whether you're a beginner or expert. 
SRP: £14.99 


The Outdoor 

Photography Book 

Enhance your photography 
techniques and learn arange of brand 
new skills with this essential guide to 
outdoor shooting. 

SRP: £12.99 


depending on destination 


How It Works 

Book of Space 

Feed your mind and fuel your 
imagination with this amazing guide 
to space and the universe from 

How It Works magazine. 

SRP: £9.99 


Web Design 6 

The ultimate guide to creative 
cutting-edge web design. Discover 
how to produce next-generation web 
design projects using some of the 
hottest technologies. 

SRP: £14.99 





How It Works Book of 
Amazing Technology 
Taking a look into the workings of 
some of the hottest gadgets and 
everyday appliances, this is the 
perfect guide for all tech-lovers. 
SRP: £9.99 








The ultimate handbook for Mac owners 





KGO¢e Geged 


Getting started! -Detabed tuooriah + Amazing techy egues 


The Mac Book vol 6 Revised 
256 pages of practical and creative 
tutorials and in-depth features that 
will take you through all areas of 
OS X, iLife, iWork, Mac App Store 
and third-party applications. 

SRP: £12.99 


agineDookshop.co.ukK 


Not just for 
dummies 


Android 


-. 


; 





All the essential apps 

+ Setting up your device 
Learn about Gmail & Maps 

+ Full guide to Android Market 


for Beginners 


A clear, comprehensive series for people who want to start learning 
about iPhone, iPad, Mac, Android and Photoshop 


Also in this series 
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ImagineShop.co.uk App Store 








260 pages of amazing articles to feed 
your mind and fuel your imagination 
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\ ENVIRONMENT TECHNOLOGY SCIENCE 

Discover the wonder of the planet’s diverse Learn about the impressive technology Science is all around you, from the blood in 
and incredible species, taking a look inside powering your favourite gadgets and gizmos, your veins to the magnetism in a credit card. 
some remarkable creatures, and marvel at the including touch-screen tablets, hairdryers, Find out everything you need to know about 
extreme power of Earth’s wild geography. metal detectors and lots more. these incredible forces of nature. 
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FASPACE SI TRANSPORT OUHISTORY 
There’s a universe out there just waiting to be Take a closer look at the trains, planes and From ancient Egyptian mummification to 
discovered. Take a virtual trip beyond Earth’s automobiles of the transportation industry. looms, cannons and Tudor house construction, 
atmosphere and discover how we're exploring How does car steering work? How do you drive find out how the most significant inventions 
the wider world and what we've learned so far. a battle tank? How does autopilot work? and discoveries of all time worked. 
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VOLUME 02 £9.99 


ISBN 978-1-908222-3-74 
IMAGINE | 
PUBLISHING 9 "791908"222374 


WWW.HOWITWORKSDAILY.COM 








